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Abstract

This document presents an examination of ten alternate system designs

in which redundancy is employed to achieve various values of system

mean-time-between-failure <MTBF). In serial system designs where line

-replaceable-units (LRU's} possess exponentially distributed times to

failure, life-cycle logistics cost is inversely proportional to system

MTBF. In this analysis, this phenomena was found to be contradicted.

Life-cycle logistics cost is directly proportional to system MTBF, in

the presents of LRU redundancy and no preventive or scheduled maintenance.
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CHAPTER 1

r4TROLIUCT I OH

On July 14, 1987, the Reliability, Availability & Maintainability

Divi.ion of the US Army Materiel Systems Analysis Activity provided a

Briefing Chart Report [No. BR-R-E., see the attached bibliogra•phy,

which addressed reliability versus cost. Within this report, the

M65 Air-borne TOW System was anal yzed. To sunimari ze the report's 4' indi nqg

for this system, which is composed of eight serially9 connected line

-replaceable-units (LRU's}, the life-cycle logistics cost was found to

be inversely proport .onal to sys em mean-t 1 me-between-fai lure kr.ITTEF).

Simply stated, the system's life-cycle logistics cost rise in direct

proportion to increases in the LRU failure rates. This findirg can be

generalized to all systems comvosed of n serially connected URU's, as long

as each LRU's time-to-failure is exponentially distributed. A pictorial

representation of this generalization is found in Figure 1.
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Figure 1 - General Relationshi p Between Lif'e-CycIe Logistscs Cost
and System MTBF for Serially Connected LRU's
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The purpose of this.presentation is to expand the scope of the

findings stated in the report referenced above. Specifically, this dis-

cussion deals with a system composed of n serially connected LRU config-

urations rather than n serially connected LRU's. The assumption is made,

herein, that the LRU's possess exponentially distributed times-to-failure,

but the LRU configurations do not possess exponentially distributed times

-to-failure. Appendix 1 provides illustrations of the sixty LRU config-

urations that a system design can take possess. To illustrate the fact

that the LRU's can possess exponentially distributed times-to-failure

and that the configuration does not, consider the case illustrated in

Figure 2. The configuration is composed of two different LRU's, either

of the LRU's can perform the configuration's function. Neither LRU is to

LRU A

One of Two Required
Active Redundancy

ILRU B

Figure 2 - Simplest LRU Active Redundant Case

be replaced prior to the failure of both. If LRU A's failure rate is equal

to R and LRU B's failure rate is equal to B, then the reliability of the

configuration can be shown to be equal to

-UAt -UBt -U(A+B)t
R(t) = e + e - 0 [I]

where U is the utilization fraction of the configuration. Since the

reliability is the complement of the cumulative probability of failure,

the density function for time-to-failure can be shown to be

-URt -UBt -U(R+B)t
f(t) = U( Ae + Be -(A+B)e ), [2]

which is clearly not a simple exponential relationship. If it were an
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exponential distribution, the failure rate would be constant. The failure

rate of the configuration can be found by dividing equation 2 by equation

1. The resulting ratio is not constant, in. Cact it is an increasing

function as time increases. Therefore, the time-to-failure of the config-

uration is absolutely not exponentially distributed.

The illustration discussed above is subject to the constraint that no

corrective maintenance is performed on the LRU's until the configuration

fails. This constaint is currently imposed on the application of any of

the sixty configurations shown in Appendix 1 and is an underlying assumpt-

ion carried forward thoughout this report. Efforts are currently under

way to evaluate the effect of periodic, scheduled maintenance on the con-

figurations' performance and logistics parameters. Reporting on the effect

will be the subject of a subsequent report.

This report presents a discussion of the relationship between life

cycle logistics costs and system MTBF subject to the introduction of

non-maintained LRU redundancy at the configuration level. The discussion

will be limited to a single, hypothetical system whose functions can be

effectively performed by any of ten alternate designs. The only difference

between the designs is the amount and degree of redundancy contained in

the designs. This discussion is stratified into specific sections design-

ated by chapter. Chapter 2 provides a presentation of the alternate

designs, a discussion of the models to be employed, and an enumeration of

data required for the analysis. Briefly stated, the Logistics Analysis

Model, LOGAM, was used to predict life-cycle logistics cost and a newly

developed model; entitled System, Configuration, Replaceable Assembly

Prediction and Integration for Reliability Of Hew Systems ESCRAPIRONS];

was used to predict system MTBF. Chapter 3 contains a summary of the

3



results obtained in this exercise along with a comparison of the derived

MTBF versus life-cycle logistics cost relationship with that form shown

in Figure 1. Chapter 4 addresses the conclusions, inferences and extens-

ions derived from this analysis application. The attached appendices

contain supporting data and information pertinent to the analysis.

4



CHAPTER 2

THE PROBLEM DEFINITION

I. General

To preclude discussion and/or debate pertaining to the feasibility

or appropriateness of the methodology employed to increase redundancy

within configurations, a decision was made to begin with a design contain-

ing a relatively high degree of redundancy. Subsequent designs were then

generated by simply reducing the level of redundancy in selected configur-

ations by eliminating identified LRU's. Accomplishment of each function

was retained by satisfying the minimum requirements specified for each

configuration as stated in the labeling of Design Configuration #1, see

Figure 3. The function associated with each configuration was given a

generic name and was assumed to be mission essential. The loss of any

function constitutes system failure. The ten designs are specified below

along with the input data associated with each design. It should be

pointed out that the LRU failure rates are constant between designs, and

only the density of LRU application varies. Each design configuration is

composed of a discrete number of LRU applications. Summarized in Table 1

is an exhaustive listing of the types of LRU's of which each design is

composed. It will be noted that except for Design Configuration #I, not

all types of LRU's are present in every design. Once an LRU application

was dropped, it was not replaced in subsequent designs. In fact, the

intent of the LRU dropping scenario was to reduce the system's MTBF.

The column headers contained in Table 1 are self explanatory, hence a

detailed enumeration of Table I's data content will not be given here.

Instead attention will be focused on additional LRU data which remained

constant for all ten design configurations. Namely, the LRU common data

5



inputted to LOGAM to predict life-cycle logistics cost. Each LRU type

present in a particular design is required to have three-hundred twenty

-eight data elements supplied in a file referred to as NAMELIST. Appendix

2 contains a NAMELIST form which defines these data elements, identifies

which are LRU unique and which are LRU common, and provides the values

used in this analysis. The ten design configurations follow.

Table 1 - LRU/Module Data Constant Across All Designs
Average Average Average Number LRU LRU LRU

LRU Module Module Module Of Shipping Shipping Unit
Type Cost in Shipping Shipping Modules /Storage /Storage Cost

Dollars /Storage /Storage Per LRU Volume Weight Dollars
Volume Weight (Cu.Ft.) (lbs.)

(Cu.Ft.) (lbs.)
LRUa 160.00 .100 1.200 16 2.000 20.000 2460.00
LRUb 50.00 .500 .600 36 20.000 25.000 1066.00
LRUc 75.00 .080 .800 24 2.000 31.000 1886.06
LRUd 25.00 .020 .300 48 1.560 18.006 756.00
LRUe 60.00 .060 .606 32 2.000 24.600 1566.66
LRUf 50.00 .050 .500 30 1.750 20.600 1266.00
LRUg 80.00 .080 .750 21 11.756 18.000 1966.66
LRUh 20.00 .020 .250 49 1.260 15.000 506.00
LRUi 60.00 .060 .500 26 1.800 15.000 1500.00
LRUj 22.00 .022 .200 60 1.500 26.066 550.66
LRUk 78.00 .078 .800 34 5.100 32.500 1900.00
LRUI 16.00 .010 .100 87 2.100 8.700 250.66
LRUm 50.00 .050 .500 37 3.440 25.000 1250.00
LRUn 40.00 .010 .400 45 1.260 25.000 1166.60
LRUo 80.00 .080 1.000 19 2.366 28.660 2606.60
LRUp 30.00 .030 .250 50 2.880 15.006 756.00
LRUq 50.00 .050 .500 31 1.620 26.066 1275.00
LRUr 40.00 .040 .500 39 1.850 29.666 1160.60
LRUs 16.60 .016 .200 77 2.600 21.600 466.60
LRUt 12.00 .012 .100 100 2.400 22.008 300.00
LRUu 22.00 .022 .200 82 2.660 48.600 580.60
LRUv 35.00 .035 .500 21 1.000 16.600 960.60
LRUw 109.00 .110 1.000 26 4.100 52.000 1560.00
LRUx 110.00 .100 1.000 18 2.260 25.600 1906.60
LRUy 225.00 1.005 3.000 46 95.000 150.000 2950.00
LRUz 10.60 .100 .500 45 6.000 36.000 500.00

II. Design Configuration #1 Specification

Figure 3 provides a reliability block diagram of the first system

design. Basically, the system is to perform thirteen functions. Function #1

is required continuously, hence its utilization fraction is one-hundred

percent. The ten LRU's shown are considered to be actively redundant,

6
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ations. The stand-by LRU's possess an operate failure rate and a stand-by

failure rate. While in the stand-by mode(i.e., not performing the function

but capable of doing so), the LRU's failure rate is equal to the stand-by

value which is usually numerically less than the operate failure rate.

When the primary LRU fails, the stand-by LRU assumes full operation if

it has not failed in the stand-by mode. Upon assuming the operate mode,

the stand-by LRU's failure rate takes on its operate value. Perfect switch-

ing is assumed. Table 2 contains the reliability and maintainability input

data associated with the configurations comprising this design.

Table 2 - Design Configuration #1's Reliability & Maintainability Data

Rel Iab I tty U R Operate Stand-by Average
Configuration s a LRU Failure Failure Te:e-To

1.D. Configurat4on'a s t CompostIon Rate Rate Remove'
Std. Identification I ID Per Per Replace

Design FOr . &a*e 4 (LRU N"M Cl I illion 111 1ion In"NWuaee Number H (b) Hours HourS Pnut.$
1 53 Function I 166

LRUa 217 6 66
LRUb 172 6 66
LRUc 213 6 95
LRUd 179 6 26
LRUo 232 0 49
LRUr 212 6 53
LRUg 216 S 41
LRUh 265 6 65
LRUt 210 6 63
LRUJ 221 9 60

2 46 function 2 96
LRUj 199 6 61
LRUk 195 t 5
LRUI 6 6 6 3
LRUo 262 6 35
LRU. 16t o 52
LRUo 1923 66
L Up 176 35
LRUq 216 0 39
LRUP 206 6 71

2 40 Function 3 7?
LRU6 162 2 91
LRUt 195 6 55
LRUU 16t $ 75
LRUu 265 6 30
LRUw 166 4 33

LRUm 264 6 44
LtUy 166 0 35

LRU2 194 a It

4 35 Function 4 69
LP*;A 201 a 39
LOU& 199 6 47
=a 262 6 34
RU. 169 6 61

LU&U 194 0 71

LVU4 too 0 56
LRUa 6s@ a 35
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Table 2 - Design Configuration #1Is Reliability & Maintainability Data
Continued

Rel iab ility U * Operate Stand-by AvR ra&g
Configuration a £ LRU Failure Failure Ti r-To

2.3. Contiguration's t Composition Rata Rate Remove/
atd. IdentifitCation t ID Per Per Replace

"Design Form Name o [LRU Nae#2 Million Million In
Number Number (_,_ _ Hours Hours Minutes

5 26 Function 5 51
LEUb 174 6 64
LRUb 294 6 63
LEUb 215 6 75
LRUc 182 S 35
LRUc 136 6 42
LRUc 195 6 so

6 16 Function 6 49
LRUe 165 6 45
L U 205 6 61
LRUf 269 0 94
LRUg 239 6 65
LRUh 205 a 62

7 25 Function 7 91 LEUr 163 6 72

LRUy 169 9 66
LRUa 191 0 55
L Un 228 6 86
LOUn 210 51S

6 14 Function 6 67
LEU: 261 21 61
LRUa 196 a 64

9 13 Function 9 54
LRUg 197 0 46
LEUt 195 6 a5
LRUk 171 6 45

6l Function to 72
LRUx 225 I s5
LRUu 263 6 53
LRUY 264 6 41
LRUz 196 0 59

II 24 Function 11 62
LRU1 266 6 53
LRUa 213 6 67
LRUu 191 6 65
LRUI 265 6 55
LRUe 261 6 62
LRUr lee 6 51

12 19 Function 12 99
LEUt 17 "20 47
LRUt 176 26 47
LRUt 176 6 47

13 i6 Function 13 75
LRUj lee 25 69
LRUJ 1e 6 51
LRUJ 165 6 45

The data content of Table 2 requires a detailed description. The

column with the header entitled Design Number is simply a counter of the

number of configurations present in the design being analyzed. The second

column, entitled Std. Form Number, cross references the configuration to

9



the appropriate standard form shown in Appendix 1. The Configuration's

Identification Name column is simply an identifier while the Use Ratio

column contains the utilization fraction, stated in percent form, of the

configuration. The last four columns of Table 2 are devoted to the data

associated with the LRU's comprising the configurations. It will be noted

that a configuration can be composed of different LRU's and that in the

case of multiple applications of the same LRU within a configuration the

failure rates and times-to-remove/replace do not necessarily have to be

equal. They can be equal but are not constrained to be equal. The remain-

ing column headers of Table 2 are self explanatory. Table 2 is an optional

output of the reliability model referred to as SCRAPIRONS.

III. Design Configuration #2 Specification

Figure 4 provides a reliability block diagram for Design Configurat-

ion #2. This design was derived from the first one by three steps. First,

two LRU's, LRUb and LRUe, were removed from Function #1, thereby reducing

the level of redundancy from two of ten to two of eight. Secondly, the

three LRUb's in Function #5 were removed which lowered the function's

redundancy to one of three. The final modification was to remove LRUe from

Function #6. The result of this removal reduced the redundancy level to

two of four. Table 3 provides the LRU make-up for Design Configuration

#2. The aforementioned reductions' net effect will be to reduce the pro-

bability of system survival for any specified time period and the system

mathematical mean-time-between-failure in a logistics environment that

specifies no corrective action prior to loss of function(i.e., system

failure).

IV. Design Configuration #3 Specification

Design Configuration #3 was derived by three more function modifi-

cations. The first modification was to remove LRUy from Function #3,

1i
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Table 3 - Design Configuration 02's Reliability & Maintainability
Data

Ike I to V I I I overnF e &IaS -bY Average

Configuration 6 a LiU Fai lure p atlu1r Toi-To

I. Configuraioen' e I Conpostilon Rile Rate vefove'

11%a. I dent Itcatton I li per Per Replace

Design p.or. N"ae 0 £LRU NHael MIllion Million In

Mumbir Number Nw______ _ Nowr_ _ _wrt minutes

6 3ifunctton I 6I6
LOU& 217 6 as
LRUc 213 6 95
LOUd 179 6 20
LOWu 212 0 52
LRUg 210 0 41

LRUh 2S5 0 65
LiOi 210 6 63
LNUj 221 6 66

2 46 Funciin 2 96
LRUJ 199 0 61
LtUk 195 9 55
LRUI 165 6 63
LOUP 262 6 35
LOIUn IO 6 52
L*Uo 193 6 66
LROp 17? • 32
LRUq 218 6 39
LRUr 266 9 71

3 46 Function 3 76
LRUs 162 6 91
LuUt i95 6 55
LRUu 166 a 75
LRUw 265 a 38
L*Uu 16 6 33
LRUx 264 6 44
LRUy 166 9 35
LRUz 194 6 89

4 35 Function 4 69
LRUi 261 a 39
LOU& 196 6 47
LRUa 202 6 34
LiiUi 169 6 61
LuRU 194 6 71
LRU& too 9 56
LRUa 266 6 25

F Function 5 51
LRUc £12 6 35
LRUc 166 6 42
1LUc 195 6 s6

6 6 Functon 6 49
LRUf 265 6 61
LRU( 269 6 94
LRUg 239 a 65
LRUh 205 0 62

7 25 Function 7 91
LRUr 163 a 72
LRUV 169 0 66
LRUi 191 6 55
LRUn 220 0 66
LuUn 210 6 51

6 14 FunctiOn I67
LuUm 2:62 21 624LRU1 296 6 4
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Table 3 -Design Configuration #2"s Reliability & Maintainabillity
Data (Continued)

"heIIatI It %.. 0 b Op t, a t Si snd-L . Avera ge
Configurat ion 9 a LIU Fa lure Fai'lur Tim#-To

Configuratioen-s t Coepositien Rate Rate oemove
1ta. Wdentt fcati1n I iD Ptr Per *eplace

eslign Poer; NIS . tLRU Nuae) 114tI~On HIllton In
plus or Muster W• HoursI Hours "Inutes.

V 3 Function 9 54
LRUg 197 0 46
LRUt 195 : 45

LRUk 171 6 45

Is 6 Function IS 722
LRUw 225 S 65
LRUw 2:3 S 53

LRUy 264 6 41
LRUz 196 6 59

11 24 Function 11 62
LRUl 209 a 53
LRUa 213 S 6?

LRUu 191 : 65
LRUl 215 3 55
LRUe 261 6 25
LRUr 6l a 51

12 19 FunctIon 12 99
LRU% 17? 26 47LRUt 173 26 47

L Ut 17? 6 47

13 60 Function 13 75
LRUj 160 25
LRUJ 160 51
LRUj 165 6 4!

remove LRUx and LRUy from Function #10. By so doing, Function #10 is

accomplished by the combination of two serially connected LRU's. In order

to conform to the standard forms shown in Appendix 1, Function #18 was

split into two subfunctions, Function #la and Function #10b. The result

of these three modifications is shown in Figure 5 and is reflected in the

data content of Table 4.

V. Design Configuration 44 Specification

To obtain Design Configuration #4, the redundancy of thr2e more con-

figurations was reduced. The least reliable LRUc was dropped from Function

#5, and the stand-by unit, LRUm, was dropped from Function #8. Finally,

a stand-by unit was dropped from Function #12. The results of these modi-

fications are reflected in the reliability block diagram, shown in

Figure 6, and the associated data contained in Table 5.
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Table 4 - Design Configuration #3's Reliability & Maintainab1lty.
Data

__ ,lab" lll lU -=@-F ;Qrn• Aerv

C n.'gurt. Ion . : LOU FVlIFre Toliwe ?Iee-To

,. Cent.. nieurmtIofS t Compositlion Ite * nte removue

to. idenltlfcaton 1 I1 Per Per Replace

oeslin or* Name a CLRU "Mend Nillion "gllion In

lumer Number .L___ Hours Wourg Minutes

, ,3 FunctiOn I i€
LRUa 257 0 so

LRUc 253 0 95
LRUd 179 6 29
LOWR 212 $ 63
LRUg 219 6 41

LRUh 265 2 95
L U1 216 6 53
LRUJ 221 0 G6

2 45 Functtion 2 96
LUj 1599 1 51
L Uk 195 S 55

LOWU 115 9 53
LOU. 262 0 35

LRUn 1ll S 52

LRU. 193 4 5
LRUp 178 O 35

LRUq 21, 1 39

LRUr 296 0 71

3 34 Function 3 76
LRU. 1,2 0 92
LtUt 195 6 95

LRUu 1I6 1 75

LOWU 265 6 38
LOUw 156 6 33
LOU. 204 2 44

LRUZ 194 6 69

4 35 Function 4 69
LOU& 202 6 39

LRU& 19 * 47
LRU& 202 0 34
LOUa 169 6 6i
LRU. 194 6 71
LOU. 1to o 5s
LRU& see 6 35

5 3 Function 5 51
LRUc 182 a 35

LRUc led O 42

LOUc 195 O 5O

6 6 Function 6 49
LOUf 265 0 61

L Uf 209 9 94
LRUg 239 O 55
LAUh 265 O 62

7 13 Function 7 91
LOUr 103 S 72
L Un 218 6 51
LRU. 191 S 55

14 Function O O?
LOU. 262 21 5!

LOU& 191 a 64

9 13 Function 9 54
LOUk 171 O 45
L Ut 195 : 65

LOUg 197 1 46
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Table 4-Design Configuration *3's Reliability & Maintainability
Data (Continued)

IN I ambi I it Y Opwrate £t n-by vrg
Conflouralion . . LVUt 1 .IFl ure Oril ure ?ime-!o

Corfigurati on'% e t 60cpoalts Pat 0 ae~jI Rmoe
$to. Identification I I I Per Per lisp Iace

VeSign For Name 0 [LRU Name] Mill ion Million In
Rubber Numrber _________(%) Nau's Nours minutes

I Function If& 72

1LPUw 262 6 12

II I Function l11b 72
LRUz 196 6 59

12 24 Function 11 62
L:Ual 266 6 53
L Ua 2 t3 9 7

LRU1 265 a 55
1.11.1 261 6 $2
LRU r l6ee 51

13 19 Function 12 99 LRUt :76 26 47
LftUt 17 261 47
LIUt 176 47

14 16 Function 13 175
LRUJ lee 25 61
LRUj 16 6 S
LRUJ Ias 69 45

Il~esign Configuratton #3
runction *I runction +2 unction +3 unction 64 unction #5 unction 06

Reureieuie nquired equlied snquired inquired
PC ti I PE ic t iv ctive ~ ctv ctivmv

Rednde~r Rdudancy edundancy Y dundancy @dund~c mdundaney

LPU% LRUo LR LPU % L.Rc LRU

LRUi LRUn LRUw LRU&

runctin 413 unction S

Util.: 54k/
Functiontiv RmdundRadunca

Figure 5 -23 2eig Co2grto 3sRlaiiyBok~ar

2 Ser I -aLRIJ a 15~



Table 5- Design Configuration #4's Reliability & MaintainabilitV
Dat a

Roeti sUOperae I - - 67by Average
ConIourtieqon sai LoU Failure Failure Time-To

I.D. Configuration's 0 t COmposition flate Rate Remove ,
Bta. Ilentlrcation I 2D POr Per POpICo

Peosgn Fore Nab@ 9 CLOU NWaeJ HIllion Million :A

Number Number ,,,ro Nijur idur Minyte

1 36 FunctiOn 1 111
LRtUa 2? O l16

LRUc 222 O 95
LRUd 179 6 26
LOur 212 O 3
LRUg 216 6 42

LRUl4 26! S I5
LPUh 205 6 5

2 46 Function 2 911
LRUJ 199 6 91
LEUk 195 6 55
LRU 1 15 9 £3
LRU 262 O 2
LRUn 116 6 12
LRUo 293 t &£
LRup 276 S 25
LRUq 21O O 39
LRUr 266 O 71

3 34 Function 3 76
LRUs 182 S 91
L Ut 195 O 5!
LRUu lsg n

LRUv 265 6 36
LRUw 1M6 6 23
LRUx 204 6 44
LRUz 194 6 69

4 35 Function 4 69

LRUa 211 a 39
LRUa 190 6 47
LRUa 262 6 34
LRUa 169 6 £1
LRUa 194 6 72
LRUa 1is 6 50
LRU& Isl 9 35

5 2 Function 5 S5
L*Uc t22 25

LRUc 1£ 42

£ 6 Function £ 49
LRUC 265 6 1
L Ur 2 9 6 94
LRUg 239 a 65
LRUh 205 O 62

7 13 Function 7 91
LRUr 153 6 72

L Un 216 6 51
LRUa 191 6 55

6 1 Function 6 67I _____________ LRU& 1ts 6 6.

9 13 Function 9' 54
LRUk 171 6 45
LRUt 195 I s5
LRUg 1 97 6 46

11 1 Function lob 721
LRUu 263 6 53

12 2 Function lIb 72

LoUz 194 59

|22 24 Function 11 622

LRIJI 236 6 53
LRUn 223 6 a?
LRUu 192 6 £5
LRU1 26! 6 3!
LRUr 111 0 51
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Table 5-Design Configuration #4's Reliability & Maintainability
Data (Contirlted

Upat stri.~ and- 14 .e'&Se
1 Confturetl ~ * * LOU nolut "euet icT

::d; I de ""I III, or, 11) Per Pvr pae
*. rg 6010. Me.2RIU maeee NIll.I A o III I I Ion

N a r Mebr _____________ _______ Hours 0.weI L. oil vt Vol

13 14 Function 1;

LRUt 26 471

1 4 1 I " ~ m S o L IU J l e g

LRuj 106 6 51
LNUJ 115 6 45

* Desi n Corvfiguraton *
runct ion *i runetian +z unctio *3 unctloiln u4 7 un on I Function 06

ftequi rea Roqu i ed equI red equ ired squired squired
Act i v Ac tI e et Ive ctive Clive ditIva
Redundanty Redundancy [edundancy edundsnay edundancy odundarnoy

LRUc LR~c LRRxLUU

LRi LRU. LRUZ LRh

I oRU LRgs LRUa

FLRUctar 01 unction -- L

Util.: 62v. Ut ~i. ru.4%n0

Reun d Sn0 y pct I eun ac 2 a
Ute~v I I.un721"c

2 Seia 2 euiRU2O'3Rsite

Figurel. 62 -7 Deiguonigrtion #4sRlailt lc figaT

Ret veSe ia I of 2 og R qu re



V1 . D*Siin Cori i.gurat ion #5 Spec i icat ion

Figure 7 provides a schemat ic of' the rel iabilIi ty block diagramn fo~r

Design Conf~iguration- #5. This design was derived from the previous -design

bV the methodologyv descr-ibed be-low. LPI~g was dropped from Function #5, arnd

Fun r in Fu ctio "vctsoni +*tF i tc i - # 4 5 k -C I- n- c --

Li 0 ' U. I~ 01 9' . 41 ,I 7 q* Lit I Ir~ F3' n t t * 4

olU c'Uo rLP a

Ac A ti~~~uC tio I 9. At

P* j ýj F dud Sty and-B' P*edun Janc- Stnd, F.1ud a,1ar":

Figur 7- -7 - 1eig Co f g r t o .5' Reliabili............ .l Di g.

LR ~ ~ ~ 1 1Ws drope 1rmFnto 6 diinllLIki~ RgWe rp

from ~ ~ -P Funtio #9Labe6cotis the -data- asoitP ihtU; dsg

configration



Table 6 - Design Configuration #5's Reliability & Maintainability Data
1 b I *, I Opit, to $1 t.vd-ti. A--*rhip2

.osi tgur at I o., LP 1 1..1 r t,,F, i lure . T I -To
1.I. Yn I'gtr bt I A1 4 1 co.poi - I*... . .4 RaIl P bi0"*"., I•ifiic at ton In III F4. Por p PCI c849lin~#i FoQa. It~ i o (L•U' llbau tllII :.>vi i1111II toe In

Fl 4 .lIu*tP4 1i4 I H•.,. a N UI" I I I 1 I 1

32 Fun, IIon I IOt

LfeU& 2 1 0 68
LRUc 02 0 9
LRUd I79 0 20
LRUf 212 0 53
LRUh 0e 65
LRUI 210 0 , 3
LRUj 2221 0 8

46 Function 2 98
LRUJ 099 6k
LPUk 195 51
LRUI 1813 t 63

LRUq, 2021 39LRUn I• as 52
LRUo t93 0 66
LRUP 178 0 35
LRUq 218 0 39

LRUr 286 8 71

3 24 Function 3 78

LRUs 182 92
LRUt 195 8 55
LRUu I88 9 75
LRUv 295 8 38
LRUu 168 8 33
LRU1 284 8 44
LRUz 194 8 89

4 '35 Function 4 69
LRUa 281 8 39

LRUa 198 47
LRU& 282 8 34
LRUA 189 8 61
LRUa 194 8 71
LRU & I88 8 58
LRU& 288 8 35

3 I Function 5 51
LRUc 182 0 35

4 Function 0 49
LPUf 285 8 62

LRU¢ 209 8 94
LRUh 205 8 .2

23 Function 7 91
LRUr 283 0
LPUn 218 8 51LRUa 1912 55

8 1 Function 8 e7

LRU% 198 e ;4

9 1 Function ' 54
LPUt 195 8 85

10 1 Function 10a 72
LRUu 203 8 53

12 I Function 1eb 72
LRUz 196 8 59

12 24 Function 11 62
LRUI 288 8 53
LRUa 213 7 87
LRUu 191 ' 65
LRUI 285 e 55
LRUw 281 8 82
L88 U1 51

,3 24 Function 12 99
LRUt 278 28 47
LRUt 278 8 47

14 t9 Function 13 75 LRUJ 188 25 69

LRUJ U88 8 52
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VII. Design Configuration #6 Specification

Design Configuration 146's derivation from Design Configuration #5 Was

accomplished by dropping LRUi from Function #1, LRUql from Function #2, arid

the stand-by LRUt 4Crom Function #12. The resulting reliability block dia-

gram is shown in Figure 8 while the data pertinent to this design is

itemized in Table 7.

D~esi n Configuration #6~
Function +i Function +2 ýunction +3 unction *4 Func'tion K' unction *6

2 of6 3 f 6 f 7of 7 Scrial of
Required Required e*quired squired squired
Active Active 9tv ctive cctivc
Re dund ancy Redund ancy ledundancy edundancy edundancy

LRU LU LRUo U1 Ux~ LRUf

_EEý LR LR~

Fpuncina 1 Fucin1

Active LR dU nd

Figur 5 -flesi~t- onfiUrtion#6sReibiiy lckDaga

Sei0



Table 7 Design Configuration #6's Reliability P MaintainabilitV Data
fT ltVLIl !U R Operate Stanid-b7y Average

.OnriguratiOn a a LRU Failure Failure Tioe-To

1.8. Conftiguration's e Composition Rate Rate Remove/

Std, Identification I ID Per Per Replace

Design Form Nae 0 CLRU WNas# Mlliion Million In

Number Number --) Hours Hours Minutes

1 27 Function I l8e
LRUa 217 6 68

LRUc 213 e 95

LRUd 179 e 20

LRUf 212 6 53

LRUh 205 6 65

LRUJ 221 0 68

2 39 Function 2 98
LRUJ 199 a 61

LRUk 195 8 55
LRUI 185 8 63

LRUm 282 8 35

LRUn 188 0 52

LRUo 193 8 66

LRUp 178 8 35

LRUr 206 6 71

3 34 Function 3 70
LRUs 182 6 91

LRUt 195 8 55
LRUu 188 6 75

LRUuv 285 e 38
LRUu 168 a 33
LRUx 204 8 44
LRUz 194 8 89

4 35 Function 4 69
LRUa 201 6 39

LRU& 198 8 47
LRU& 202 8 34

LRUa 189 8 61

LRUa 194 8 71
LRUa 188 8 50
LRUa 186 8 35

5 I Function 5 51
LRUc 182 81

6 4 Function 6 49
LRUf 205 0

LRU( 289 8 9'

LRUh 285 8 62

7 13 Function 7 91
LRUr 183 8 72

LRUn 218 8 51

LRUa 191 8 55

S 1Function 8 87
LRUa 198 8 641

9 1 Function 9 54
LRUt 195 6

to I Function 19^ 7 1
LRUu 283 6 53

it I1Function 10b •
II• 196 8

12 24 Function 11 62
LAUl 280 8 53
LRUa 213 a e7

LRUu 191 8 65
LRUI 285 8 55

LRUs 281 8 82

LRUr lee 58

13 1 Function 12 99
LRUt 178 6 4-

14 18 Function 13 75
LRUJ 18 25 6

LRUJ le 66 51
LRUJ 185 6 4:1
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V I II. De i gn Cot-f igra i on #7 $p~e-:if ir.at ioni

Des i gn Cont' i -?Urat 1 o-.n #7's -der 1 ,-at i ':n f~rom Des i gri Conif 1 gurat. or, #r, was

acc ompliished by dropp ing LRUh from Func ti or #1, LRUp from Func t ion #2,

LRUh from Function #6, and the st-and-by LRIjJ from Function #13. The re-

sulting reliability block diagram is shown in Figure 9 while the data

pertinent to this desig~n is itemized in Table 8.

D0esiqn Configuraton #7j
runction 4i runction 42 -unction +3 ýunction " Function +5 Function +6
Util.:1500 Util.: 98% Jti. 78% Jtt s 69% Util.: 51% Jtl. 49%
2 of S 3 of 4o f7?eil Sra
Roqu ,r Id Required *tqutr*d ou adBt
Active Active Ictiye Ictive R'
Redundancy Redundancy ;*dundbncy Redundancy Rqie

LR LRUo LRUs LRU& RcaU

LRL LRUts LRUa

Fucin *1 Function #9 PS

Funtio.n 010 Util: Fnctin

2 c~v Serial I f eg Rqirs

ReUnd 1nc; Ut2%. S1/.:e

Active Rmdundancx

Fiur -Dsin ofiuato *'sRlibliy lckDaga

I of2 L~e L22



T.•bl : -1 r.-,*r, CD,,r',I i g.r,.at i ,:,n #7.. F:s;I i .bj1it'.' :t . rl ai r tati r.bina 1 1 t a D a
abi~~~ pt LiFcpt L tArd-tvyRea~

Configuration LF'J Failure Failur4 Time-To
:.D. .Cor~i , uri , *o.' i Cci.1,05 I n Pate Rate em oue,

Sid. IWentI( I C A1, ID Per Per Replace
Design Form Ha.e o [LFU 14&Me] Million Million In
Number Number t%) Hours Hours Minutes

1 30 Function I 1t0

LRU& 217 6 a 6
LRUc 213 0 9
LRUd 179 0 20
LRUf 212 6 53
LRUj 221 0 66

2 33 Function 2 98
LRUj 199 a 61
LRUk 195 6 55
LRUI 183 6 63
LRUm 202 6 35

LRUn188 L 52
LRUo 193 6 66
LRUr 206 6 71

3 34 Function 3 78

LRUs 182 6 9:
LRUt 195 55
LRUu 188 I 75
LRUv 263 a 38
LRUw 168 6 331
LRUx 264 1 46
LRU, 194 6 691

4 35 Function 4 69

LRU& 201 6 39
LRU& 198 6 47
LRU& 292 6 34
LRU& 189 6 61
LRUa 194 6 71
LRU& 186 6 56
LRU& I86 6 35

5 1 Function 5 51
LRUc 102 0 35

6 2 Function 6a 49
LRUf 205 : 61

7 1 Function 6b 49

LRUF 269 9

8 13 Function 7 91
LRUr 183 a 72
LRUn 216 0 51
LRUa 191 0 55

9 1 Function 8 87
LRUa 198 6 64

1O I Function 9 54
LRUt 195 8 85

11 1 Function IS& 72
LRUw 263 6 53

12 1 Function 1ob 72
LRUz 196 6 59

13 24 Function 11 62
LRUI 268 8 53

LRU& 213 0 87
LRUw 191 a 65LRUI 205 6 55

LRUe 261 a 02LRUr 186 6 51

14 Function 12 99
LRUt 178 6 47

15 1 Function 13A 75

LRUj 18 0 51

16 1 Function 13b 75
LRUj 105 45
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I :r. 4'= * L,:'f, ' 1 .,r a t I :rit- ':. ep.: I i I c 5. t .:. r-,

r- ,r', C f 1 grj' r a, t r .t.,r, #: r- 1 - -a, ? i ,-rn i tr, ,t,, D e r, Ig or, f g,.vt-att cr. #' 7 ,A

ac-:,rrjp I h* d by dr o pp pi g LRUd f room F,.m: t ion #1 , LRUo frorr, Functio n #2,

LF'Ur and LPIJa ftroim Funct. 1 on #7, arid LRLlw, LieUl and LRIJr from Function #11.

The resultirng reliabilit, block diagram is shown in Figure l1 while the

data pertinent to this design is itemized in Table 9.

IDes,.qnConficiuration NS'
r,.,,,ction ,1 rl ,,ction #2 %..ct,.n +3 n•nctin •-.. ,,nc o.,n #5
Ut . ,, I o0. Ut.,,. 9 I . . .9v.,,. 769% ti 11. 5 I t,,., v9.

2 of 4 3 of6 j4 of 7 o ~So rI a er I
P.q..ar.J Pa q., ed q. .red equ I ed 'Sth

..P.e.nd,..ty I*edunincy : eclundancy *d.d-uidancy o. ....

+t + + . + +4 L

Ut'.'.. '2.
2 See il LRU".

k LPU&

P LRua

U . .t

LPU I on LPuL S

2 SerLRU LEu-s

L w L_ _ e *R ISt I

L.RUj

Both LRU's Requi•ed

Figure 18- Design Configuration #0's Reliability Block Diagram
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T ab>IE r - r- C 0E 1-1~ hfi i-r LJE t-~ A . - Pl Ittl"YY'~ M~iritairnbi 1 lit,, SL?

fiffat)1,t U -- op*7"gat Stand-bv As,@,Sgo

3.. Co".. g- 6,. - t 4..Pois.. R- I Ia Rvffio,.-
Std.- I don C ,, .C a- to P 04r P., Itpac a

Do. .g'- Froa 1i 6q 0 LLRV 1I&.tit Il tlro l~r, , - I n

ii - .9Ct9ofl I to0 L U, 237 0 68
LRUc 2 1 2 95
tAUf 232 0 53
LRUj 221 6 66

2 29 FunAction 2
LAUJ 1 99 0 63IL U1 395 0 55
LAU I 1 5 0 63
LOU, 262 a 35
LRUA. I:: a 52
LRUe 26 0 7

3 34 Function 3 78

L Ut 295 6 955
LRUu ill6 9 75j
Lftvý 265 0 30
LOU. 140 0 33
LftUx 26 6 44
LA Uz 194 6 99

S 351FUnctiom 4 69 1 -
LAU4 2111 41 39
LRU, 19@ 47
L.U. 292 6 3'

LRU& is$ so7
LRU& 6 0 35

S I Functioni S 51
LNUC 162 8 35

4 1 FunctionI 44 49
Li6ut 265 0 61

7 1 function 6b 49

1LRU( 2049 0 94

B 3Fu~nction ? 91
LhUn 22$ 0 51

9 1 Funtfon 9 67
LRU& 196 0 64

26 1Function 9 34
LQtit 395 0 85

it 2 Function IS& 72
LQUW 263 6 53

32 1 Function lfb 72
LOWZ 296 a 59

13 2 Function. Ila 421 lil20 0
LOU& 200 6 53

14 1 function lib 411
LRUU 261 0 02

Is I Function 32 99
LMU* 370 0 4?

Is I Function 134 79

ILIUj [so 6 111

IunIIn11?SLRUJ 165 1 4S
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X. Design Configuration 39 Specification

Figure 11 provides a schematic of the reliability block diagram for

Design Configuration #9. Thins design was der~ived from the previ .ous design

bv the mqthodologV described be'ow. LRUc was dropped from Function #I, 4ind

r unct ion +i run ct ion * 2 unction *3 'unct I an "4 un !tion W r5un cti lln *43 '15of15.; 5at

Re~dundancy Redundancy eclundency Vodundancy ___ qu i,90

Us LUJ L~s IPUR PUO LRU#

7UJ =R~n -- aLR

Functin *ii Fu.nction #9

"no th Rion Serial

F2 Sorii LR''

Both LLRU'squre

Fiur I Resitin adfiJrto %?~Plaii'~Bc: io

LF~ kn L~rnwee d~pp~d(-o Fn:'' r #. Ad~t ¶or~1 ~' LFl~' rd FE

wqr. dro ped r crre un.: I cr P . r, L U ~ A dr~,4' ILtRUC: 'J r, r, P



LRUa was aropped from Fuiiction #11.

Table 10- Design ConfiSuratioln #9's Reliabi1lity 8I Maintainability Data
Rflt@abllt2. U At Operall stanS-,ylA.,erag,Co~r,fgwa .•,. a a LRu Failure Fa~rq 1. t m-

2.3. Co.- q turatIon-a Compositieo Rate Rate ITemoet
Std. I(:onIrIcat I an ID Per Per - PevaceDesign Form N4aw. (LRU N 3a . , I IIon Nl oI or. InNumbvr Number 1%) LN "Hu Hours MInutel

4 Functton I Its

LRUa 21? e 69
LRUA 212 0 53
LfRUJ 221 6

2 7 Function 2 9
LAuj 199 0 fil2j 72LAU1 1113 6 61

~Fnio'LNUI IS! 6

LOUn 230 0 52
LRUr 2X6 7 12

3 12 Function 3 76
LRU& 102 9 12
LRUt 195 * 35
LmUu A11 6 75LEUve lit 6 33LRUz 264 6 t¶

4 30 Functlon 4 46
LRUa 201 6 39

UtUa 191 6 4?
LAU& 111 1 L1
L•ElJ 194 0 71LR•a 200 0 59

LRUa is: 35

3 2 Function 5 Si
LRUc 102 6 33f

Function Ga 4-
LRUA 205 0 61

7 1 Function 6b 49
LRW 209 a 94

U Function U 91
LRUn 21@ a 52

9 1function a 8?
LRU& 290 a 64

I0 Function 9 54 LRUt 15

11 function ISa 72
LRUw 203 0 3,

12 2 Function lob 72
LRUz 196 0 59

13 1 Function Ila 62
LRUI 200 O 53

14 1 Function Ilb 62
LAU* 261 0 82

15 1 Function 12 99
LRUt 1?9 9 47

16 1Function 13a 75
LRUJ le6 e 51

I FunctiOn ;3b 75

LUj 15 45,
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XI. Design Conf~igurationl #10 Specif~ication

Figure 12 pr-ovides a schematic oif the reliability block diagram~ for

Design Configuration #10. This design is unique in that it is totally void

of redundancV(i.e., it is totally serial). Its LRU composition was derived

Funtio iOMl Conf lo ur atio#

Fwnctjn *1 unutin t2on *13 Fncl 115tuio t:O *L

U't1 1 Jo% Ot l LRJ'

~'rct .. e' er~r .ofie n~.h n of a ;ir S I 4 ,



Table 11 - Design Configuration #10's Reliability & Maintainability Data
ReI~abiity U R Operate $t ad-by 1verage

Con.nguraiOn, $ a LRU Failure Failure Time-To
l.a. Confiquratsii¢s t Copoaost;on R.•ta Rate Resove,

Std. , dentific at ion I 1D Pe0 Per R ep la ceDesign Form Name o £LRU Hame) Nillion Hll.on In
NLumr Number M_ _ Hour% Hour: flinutel

I I Function Ia Is@
LRUa 217 0 601

2 1 Function lb lee
LRUf 212 8 53

3 1 Function 2a 90
LRUJ 199 0 61

4 1 Function 2b 98
LRUI 18 & 63

5 I Function 2c 90
LRUn 188 0 52

6 1 Funci.on 3a 78
LRUs 102 6 91

7 1 Function 3b 70
LRUu 18 0 7?S

8 1 Functijn 3c 78
LRU w 168 a 33

9 1 Function 3d 70 LRUz 194 8 09

tlo Tl Fnction 4a 691

IL•Ua 1991 0 471

FI . rction 4b 69
12___Function __c __ LRUa 169 0 61

12 1 Function 4c 69
LRUa 194 a 71

13 IFunction 4d 69
LRUa 108 I 50

14 1 Function 4e 69
LRUa lee 8 35

i5 I Function 5 51
LRUc 182 8 35

I6 t Fuction 6a 49
LRUf 205 0 61

17 1 Function 6b 49
LRuF 209 8 94

18 IFun ct %on 7 91
It~yn 220 6 51

19 1 Function V 87
LRU& 198 8 64

.0 1 Furc:,o^ 9 54
LRUt 195 8 85

21 ii Fun~CtlOi9 |a 72
LRUw 203 9 53

22 I F.,,-.cio. lOb

m L2IJZ 1196 
59

:4 .



Table 11 - Design Configuration #10's Reliability & Maintainability Dita
(Continued)

Rol iabiit I I SY Operate $,tand-by Average
COnfigurationi a a LRU Fitour@ FAilupe Time-to

1 0. ConigquratICO'S Compositilon RaOte *at* lRaemoýe

Sto. lftnt lIcAtitOn oD Pe- Per *eplace
DesIgn Fora Hame o CLRU NHas] Million Million In
Lumber Humuer IHOUrS NlOi tI nut es

23 I Function Ila 42 LtuI 266 6 53

24 1 Function 1I1 2 U
LEUC 261 6 2

25 1 Function 12 99 LRU4 174 47

24 1 Function 13a 5 L U Joe a 47

27 I Function 13b ? 5 L NUJ I16 451

XI. Problem Rpproach

The information and data presented in this chapter forms the data

base used in the rpliability predictions obtained via the applicatiotn of

SCRAPIRONS and the logistics life-cycle cost forecasts obtained via the

application of LOCAM. One additional input requires further clarification.

Namely, the logistics system shcould be described. Simply stated, failed

LRU's are removed and replaced at the system level. The failed LRU's are

returned to the depot for repair. LRU repair is accomplished by modular

replacement with defective modules being discarded. This logistics

system is provided, as input, to LOGAM by setting the variable, GG,

equal to one and the remaining G-Factors equal to zero. The selection of

this logistics system was made for two reasons, -First, for its wilespread

use in support of missile systems and for its relative brievity.

The initial step in this analysis focused on predicting s,)ste•n MTBF

for each of the ten designs. Once this was accomplished, attention was

then focu.jsed on inputting the LRU consumption rates and mean-time-to-

repair to LOG'Ar to predict life-cycle logistics cost. The results of

these applications are summarized in Chapter 3 of this report.



CHAPTER 3

RESULTS

I. SCRAPIRONS' Output Summary

The initial step in the analysis dealt with inputtirn the data

required, for each design configuration, into the SCRSPIRONS model and

forecasting the resulting system, MTBF's. Table 12 contains a summary of the

res,•lts obtained. These MTBF point estimates forecast the average number of

hours between svstem faiure, subject to the .constraint that no corrective

maintenance actions are initiated until system, failure occurs. At system

Table 12 - MTBF Point Estimates

D2 n ;4umber' System MTBF (Hours>

#1 2,133.-41

#2 2,091.78
#3 1,499.37
#4 1,234.64
#5 1 , 043. 19
#6 915.60
#7 670.31
#8 568.47
#9 458.68

#1___ _ 251.79

failure, the complete LRU configuration is restored to a fully operatioi)l

state. The $CRRPIRJNS output obtained for each del••igr conriguration is

provided in Appendices 3 through 12.

II. LOGAM'S Output Summary

Once the design configurations' MTBF's were predicted, i.ttention

was then focused on forecasting the logistic2 life-cycle cost. via LOGAM

applications. The reslting life-cycle logistics CO-it eStimnates for the ten

designs are sutnorarized in Table 13. Abbreviated LOGAM outputs, in P92

Formats, are prov.'ided in Appendix 13.

Table 13 - Life-Cycle Logaistic- Cost

IDesign fNumber Lifos-Cycle o, I:oSt
#I. $221546,710

$2 22, 097,9220
*3 . 19 5b5,330
44 $19,54•,390
#5 $18,844,570

#6 1W,813,1 00

#_______ $16,260,390
... #8 S 14, 832, -.:.I:.

#9 $ 1.,• 5.35 , '? 5
S #10 ... 11,746,750



III. Re;ationship Discussion

Figure 13 provides a bar chart iIlustrat.ion of the relationship

implied herein between syytem MTBF, predicted via SCRAPIFRONS, and I f'e

-cycle logistics cost, forecasted via LOGAM. The costs shown in Figure 13

are stated in millions of dollars while thie MTSF values are itat-,.1 in

hours. I! is pert inent to ooint out at this time that each of th,? cost
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analyzed herein do not constitute an exhaiistive itemization oft all possible

di.signs thi; hypothetical system could take on. This fact is evidenced Ly

the arbitrary method e1ployed to develop the alterrnate designs.

It 'will be noted that the overall trend of life-cycle ! )gistic cost

versus system MTBF, illustrated in Figure 13, is complertly opposite to

",hat portrayed in Figure 1. This phenomena can be explained. In serially

connected, exponentially distributed LRU system designs, the LRU consumpt-

ion rate per operational hour numerically equals the LRIJ's cormposite fail-

ure rate per operational hour. When the system fails, one LRU failure

caused the system failure. Under the assumption of perfect diagnostic

capability, one LRU replacement occurs per y.stem failure. When redund-

ancy is introduced into the design, multiple LRU replacements car. occur

per system failure, even If no LRU replopIacfmthents are. miade- prior to it•..•r,

fai lure, If a periodic, scheduled maintenanie tne,'al is jntr,*-.duC4. ,

wher- faialed LRU's ire repl-aced In rtedndan configur tions prior t•o

system failurv, the LRU consumption rate would further di-,erge from the

composite LPU failure rates. In realty, logi t ics costs ,:an' and do

nrcr eas 'Then system MTBF increases as a result of' redundancy or schedial ed

mairtnten.rce cycles. Thi5 possibility preclu i-.,inte firrom concluding that

in all cases, increases In system MTDF results in decreases in, syst,,err

li fte-cr'cle costs. In summ aary, increatses in system MTBF cain r,'.slt irn either"

decreases or ricreases in ife-cycle Iogii s, i c,:oIt, heerii,4 J;'itn MTEF i j

not an accurate driver ofI ife-cycle logisti.:s cost. If fac¶, in- the

presence of design redundancy and/or sc heduled mai nten at'mbnc4 .: icrso, the14

ays.tern MTBF is n,-,t in accurate driver 'or the -reqte r,,:v,• ma nte'nin'4.

Conseouently, other design parameters juch ai rAekt',-t I m -te",4•, t',-IW ,:,:rtr, .ti *,.4

-mnintenarnce or mrean-t I me-bet ween-mnal nt enan: f •ui, i. 4be elr1,or i .:ti ,it

drweqrs since they/ more accurately reflect the t,,erage Iinq4 tbe''~ceti.,t

s,ysteim d4tArpdzs for logistical resour'r¢i.
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CHAPTER 4

CONCLUSIONS AND EXTENSIONS

The hypothesis that logistics life-cycle costs decrease as sVstem

MTBF increases is not true in all cases. Specifically, this analysis has

examined ten design alternatives ?or a hypothetical system and illustrated

that logistics life-cycle cost can increase as system MTBF increases. This

phenomena occurred under the i¶,osed constraints of both stand-by and

active redundancy at the LRU level, a fixed logistic.s cocept. fixed LRU

descriptions, and no scheduled mainterante policy. It is hypothesized

that if a scheduled maintenance interual is imposed that the system MTBF

would increase further for Designs I through 9 but that *he logistics

life-cycle cost would also increase for these designs. This infirerce is

based on the conclusions that a scheduled mai ,tenince interval would all ow

for replacing failed LRU's in redundant configt..rat ions prior trj rcn.,;g,•r-

at ion failure thtereby increasing the configurations' MTBF but aLIsLo

increasing the consumption rate of selected LRU's and increasing the

personnel requirements. The net effect of a schedufled maintenance pol i:y

is an Increase in the logistics resources consumed bV the system. This

consumption of resources is offset, from a trade-off¢ insi, by. th, 'ncrease

in system reliability and MTBF.

In conclusion, it is erroneous to assume that higher sVysem MTBF'j

result in reduced logistics Iife-cycle costs. In iftc , higeher logistics

costs are often required to achieved higher system MTEF'j. The quantity

and quality of logistics resources conyi.ned by & given 3ystem is related

to the failure characteristics of ",se e414ipment comprilrng it. hi'lever

other factors must be consridcred. The irqan-tirn-bqt,•qn-rraintqn•,:q, MTEM,

of a system appears to be a more meaningful index of logismt ics R.,:cjt thian

the MTBF. Both prararfctcrs are fuLnlictions of' th} fei 1,4:i h--hkrctqr•rijt ic ,"
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a system's components, but the MTSM is inclusive of more pertinent consid-

erations pertaining to function and modes of operation. The MTBM and MTBF

of a system can be equal if, and only if, specific conditions exist. The

incorporation of a single redundant entity in a design violates thes

conditions. Finally, the utilization of equipment and the degree of

functional redundancy deLigned into systems, often result in both higher

system MTBF's and higher life-cyrle logistics costs.
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Appendix 1

Line-Roplace&blo@Uflit (LRU) Configurations



Allowable LRU Reliability Configurations

Each Block Shown, Among and Between Configurations, Is Assum.Ad
To Be A Unique LRU Application(i.e., they may be different LRU'i

according to the numbering scheme shown for each LRU configuration).

*1 Serial *2 Active Redundancy* 3 Active Redundancy

-UD - 1 -111
*4 Active Redundancy ' LE

1 of 2 Required ___ -_

#5 Active Redundancy 1 of 3 Required

1 *6 Active Redundancy

2 of 3 Required2

,7 Active Redundancy 3

1 3
4

2 1 of A Required
3 - 2 of 4 Required

09 Active Redundancy *10Active Redundancy

•D "%1

3 of 4 Required1

*8 A5tive Redundancy 2 2

373

2 4

1 of2 RquiedI of 5 Required .2 of 5 Required

*llActive Peduridancy*12Rctive Redundancyl*l3Rctive Redur':lc..rc

1 of 2 -uie

L-Ep

3 o~ f Pc qu ired 4 of 5 Required _______
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*14 Stand-By *15 Standby #16 Standby
Redundancy RdnacRedundancy

21 of 2 Required 1 of 2 Required

*17 Standby *16 Stand-By *19 Stand-By
Redundanc Redundancy Redundancy

020Rctive Redundancy

22 of 3 Required I of 3 Required

*2l1ctive Redundancy *22Rctive Redundancy

2 of 3 Required 1 of 2 Required 11 of 2 Required

*23Rctlve Reudny#,Rtv Redundancy *25 Active

2 of 3Redundancy

1~~~ of 2 euie

___________1 of 2 Required lf



*26Active Redundancy *27Active Redundancy #28Rctive Redundancy

1 1 1

2 2 -2•
3 3 3

4 ~445] "1 - 5-E-
5 5 5

6 66

1 of 6 Required 2 of 6 Required 3 of 6 Required

*29Rctive Redundancy *30Actlve Redundancy *3lRctive Redundancy

2 2]

3
3 3

4 4- 5
5 5

6 6

4 of 6 Required 5 of 6 Required 1 of 7 Required

032 Active #33 Rctive 034 Rctiv e #35 i~lct i ve
Redundancy Redundancy Redundarncy Redunrd: arc ,,

31 11 1
- 3 3. 3 -- J

4- 4-I 4-4

S--El} -Ell

7 Reuired 31f1 7 FRequi1red 4of 7 Pe1, red ,,f . F.'4-.:4r7d

3.9



*36 Active #37 Active #38 Active #39 Hctive

Redundancy Redundancy Redundancy Redundancy

III

1o o 1

2 2 2 2D

3 333

-~ ý " -I ... UII

6of7 Required IofB Required 2of8 Required 3of8 Required

#40 Rctive #41 Active 042 Active #43 Active
Redundancy Redundancy Redundancy Redundancy

I 1I - 1

22 2 2

33 3 3

44 4

-5 5 15

,4ofs Requ ired 5of8 Requi red 6ofS Required 7o'f8 Requ iredi

4 C



#44 Active 1045 Active *46 Active #147 Active

Redundancy Redundancy Redundanc)y Redundancy

2D2 2

3 3 31

-[]L 4 4

6 6 6

g7 
.7 7

9I 9 9

l oD'9 Re.qu i red 2of 9 Requ i red 3of9 Required 4oi9 Required

*48 Active *49 Active *50 Active #51 Active
Redundancy Redundancy Redundancy Redurndarn'cy

2 ~22

S-5 H -[zq- -
- 7j - ] 2 --

5 :f'9 P e q u 1 r" e, : '," R equ i red C.49 Pequ i red ,.,'-- ,- " '. j 1 r ec:
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*52 Rctive *53 Rctive *54 Active *55 Active

Redundancy Redundancy Redundancy Redundancy

1 -- 1 I 1

3 -[3 3

4-Q 4 4 -4

55 5 5

8-.- 8{] -El 8Ea I

E 9 99J9

lof 10 RPguired 2oflO Required 3of10 Required 4of10 Required
#56 Active #57 Active *58 Active #59 Active
Redundancy Redundancy PaRedundancy Redundancy

11 r 1

2 2 21

33 3 3

4L 4

5_-5 -5 5

-• •j G 1- -06--•

10 DO. 10 10O
5of10 Regqu_ i red 6of 10 Reg .l red _ of, 10 Requ 1 red 8of 10 pe'u.A I r e:J

4 2



*60 Rctive
Redundancy

j22

TO BE TO BE TO BE:
DEVELOPED DEVELOPED DEVELOPED

4

I II I I I III5



Appendix 2

LOGAM LRU Data

Each Line-Replaceable-Unit <LRU) contained in an identifiedl dasign

must be described by three-hundred twenty-eight data elements to be accept-

ed by the LOGAM computational algorithms. For the exercise associated with

the ten designs, these data elements can be classified into three catego-

ries(i.e., those that are constant between the design configurations and

are common among the LRU's; those that are constant between the deosign con-

figurations but are LRU pecufiar; and those that vary between design con-

figurations and are LRU peculiar). Those data elements that are common

to all LRU's and are constant between design configurations describe the

logistics concept envisioned to support the system, identify the number of

systems to be deployed, specify the number and types of logistics echelons

and so on. These data elements, along with the numeric values chosen for

this exercise, are summarized in Table 1i of this appendix.

Those data elements that are c¢nstant between design configurations

but are LRU peculiar are CMP, CUBEM, CUBEU, CUP, P, WM and WU. These

variables are defined in Table 16. The values used in this exercise, per

LRU, are shown in Table 1. The final data element classification, those

data elements which vary between design configura'ions and LRU type,

contain only two elements, E and TRC. A summary of the values taken on by

these two data ele'nent• versu.js the ten designs is provided in Table it

Table 15.

Table AV - System Mean-Time-To-Repair Summary For The Ten
Design Config,.urations (SCRAPIRONS's Output)

Confi g-Turation #1 #2 *3 #4 05 #6 #7 #8 #9 #10

Number
TRC

in Min. 223.88 208.24 1*9.9.7 1:-;2. 1 I 12.31 148.2? 129.27 111.57 85.68 57.54
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Table IS - LPU Consurpt ion Rates Versus Design Corif i gurat i on_

iSCRHF'IRONS's Output/E Entry in LOGAM)

_Design Confii uration Number
LRU #1 #2 #3 #4 #5 #6 #7 #8 #9 #10
LRUa 1103.2 1103.2 1142.5 1229.7 1235.2 1242.9 1253.7 1191.5 1867.8 1044.1
LRUb 224.1 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0
LRUc 226.1 263.@ 263.0 231.7 204.9 212.5 223.1 241.5 92.8 92.8
LRUd 186.8 183.7 103.7 103.7 108.6 115.3 124.3 G.0 0.0 C..
LRUe 251.8 82.8 82.8 82.8 82.8 82.8 $2.8 124.6 124.6 124.6
LRUf 233.5 258.1 258.1 258.1 274.0 281.6 333.8 351.3 374.3 414.9
LRUg 219.9 229.7 229.7 229.7 0.0 0.0 8.1 0.0 0.0 8.0
LRUh 178.0 177.5 177.5 177.5 192.0 199.4 0.0 0.8 0.8 0.8
LRUi 106.8 106.3 106.3 106.3 I11.P 8.0 0.8 0.0 0.0 0.8
LRUJ 361.9 469.0 469.0 469., 474.6 487.2 537.8 565.8 628.7 474.8
LRUk 153.4 153.4 153.4 153.4 112.1 116.8 125.0 134.4 0. 1 8.8
LRU1 279.8 279.0 279.8 279.8 279.8 283.5 291.2 216.8 282.8 305.3
LRUm 198.2 198.2 198.2 113.1 113.1 118.0 126.5 136.3 0.8 0.8
LRUn 235.7 235.7 278.8 270.8 278.8 274.6 282.5 323.5 350.8 375.3
LRUo 111.8 111.8 111.8 111.8 111.8 116.5 124.6 0.0 8.8 8.0
LRUp 189.4 189.4 109.4 109.4 189.4 113.7 0.8 0.0 0.0 8.0
LRUq 115.1 115.1 115.1 115.1 115.1 0.0 0.0 8.0 0.0 0.8
LRUr 235.5 235.5 272.2 272.2 272.2 277.3 285.9 137.3 169.7 8.0
LRUs 102.8 102.8 109.3 109.3 109.3 109.3 109.3 109.3 126.8 142.8
LRUt 323. :.5 323 3.:. 7 386. :- 403.2 394.7 394.7 394.7 415.0 231.5
LRUu 104.3 104.3 111.1 111.1 111.1 111.1 111.1 111.1 129.9 146.6
LRUv 188.1 188.1 115.9 115.9 1:5.9 1 115.9 115.9 0.8 8.0
LRUwI 28 :.2 3.8.7 334 .1 334.1 :34 .1 3:34. 1 334.1 258.9 ;o.If5 . 4 277.2
LRUx 211.9 107.9 115.7 115.7 115.7 115.7 115.7 115.7 8.8 8.8
L Uj 239.8 343.8 8. 8 0.8 0. 8.0 0.0 0.8 8.8 0.8 0 .8.
LRUz 203.11 105.7 254.0 254.0 254.8 254.0 254.0 254.8. 274.1 22.4

Table 16'i corntent ir s 1 <i t-,1i,. twaEnrty S.5 by 11 inch pag& .•. hirc.! thE,

reduct on.r -hor .)a-: pirt'forru ed to reduce the . 1 Ze of this relrt:.tt. Each

LRIJ preC!er't 1r, a 1l,,er, ,eil gr r, must be, de•_cribed bV 'u: h at, a~rra',. It i-1

pertirirent t,:. point ,,ut th&t - t:,,.,r. the ,-ata il e r-rient,. E, 1i cus ortc r,,r 1,1,

apprroxi gat, •-, by .'Erwic'ai, re ir,.z for ,ie--ini con-t.air•nrg r-edundant d r- ,:r'f i,;'r--

ationr!. It, tPiS ,pp I ,: t ion, the data cl ere rnt ii computed. .•,:ft l-,-, ,i

$CFAPIFOWE. arnd , r be 1, rt erF:,re, z Li the urf.ber- .f LPUI. _ c..,r, r.'lJ , .b.

type , b-.' th e .,t er,, du, u r,.i onc - n 1 1 i rl hour ,,er-. t in g rtt*.', l
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Table 18 - NAMELIST Data Content Def~initio~n and Standard Values

SES Bsc FORTRAN Descri.ption Inpu~t
44O. Yem Nm alu*

H Naoe I I) WFi Annual military ma poWer turo.wr fract ion .460
for field toot and r 0air

or&.* C 2) ARAS Annsual c,..,lian manpower tuenever tato 15
2 mitaae -3) AYZP COntrol to".;;tX sp Cif th -mthd for computing 71.600

the Sita~p~uaon Q&AntitieS 9t genr~l-li I: :::u as whole na~ tflos
1. it LOGAN Maintenance Nuteat oe a.
0. it LOGAN Supply Oute It to be used.

4 Maao 4) CDI Coa Idllr pe artrtananta 12.
CLRU, module, noni-Standarol part) IA the

W Ma( 5) CALFIAM Cotodlaapr (m or a celebration 251315

Naa(W 1. LU9 ati dollars for technical dlata to,- Call- ThufW

0 * a* g 0~1~ !i:~ IeA NVR lie are to dowelop 6.3644'oflpo 111
N"07*1; C &ArT ca~lbratlonvType 1.1110

I as*( liG) TZWEF- otIndla Per Year to auposer a call- 111

1T Moe( 1) &r Cot n oll re t dow I o conattsupport., 111

"-1tvbaoe( 12) mEIFr CON n dlla to procure 4 Conta.ct OUPPOP1t/ SIM1

*1T Name( 13) CC$Pa a. f 0 atpryart ip a cont act 1711'1
_____IC.__ awortTm IV oeat ,ot.

14 "Got( 14) CoblT $hi pping oti olr per Poynd per t~ip Mill1

Iro' th: ;:::ttoGnrISoot sogrl Unit.
Namt I' J lopp~iing toat In floesa per pound per !rip

Prgs the InStallatio0n to the Direct Support
__________All tS I 19 t1v

7T 74aae Z 14) C6110 shlppl;Q Cott in 401,&r& Per 0 iind per on*e 06

-way rip fom a ontra totc, the govern-

ICY___ qu t;11red Iae~l
17 Maae 17) CUP Shipping cost in d tarsr per pound per tr~ip .3000

_____from Nh igneral Supoorpt t atetis was*( IS) C10~ Shipping Cott in .30 1t1are per powund per irip
_______ fro th Genralto the vireft Supsort.

-aIF 1) (DTJT Coat on dollar,0O pe tem Per pounuv to dit16 7l1
tribute initial provision Of LOW'S. modulet

Fr711 n (ae 20) CIPIAN oHthInldolr, per vvea for a etoot perton

h1lan@( 21) CND09 ~ pvq o.i olr.prp.5 C'ti T~i
frqm oitics $.Jere,% toi%9 lssn

6T~~1* iMUU T h-PP~ng coat in dollars POr Pound Per trif,
___________from pirqgt to Gnea two o ot. p'o 41gas-o( 21) COPNAN Cost on dollars prya o etpro dl

tDevot.
25 aMoe( 25) CDPRIII Coat in dollars per year top a rp~etoair . MIS

'-r 1* -T- Naao(25) sRM I.t. D n del ar , per ' y earfr a-estpaerson 3i

-77 7=7m ?~ A7 ~T line litem ins. 177

~1Ii1I~~I!2. H do rs per year o- a repairman
as te Cutomont level. ___

30 Mas*( 26) IETDT Cost in doll ars per sqyare T iL'Oo th 2.00
1loor,!oac at Scoot for Ltj.t er1±I.nt.

-T7 T-ao( -I-i Co1I T,!; iid@at oer t.,r a teot Porto,,

aae(i muCrAN C ii iar pr year for 'a repairman . ..... 2 1

______1.a General Support. 1________
23 Naa*O( 22) Cr coat in dollars to develop (yAC T tes. 0.00001
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Table 16 -NAr
4ELIST Data Content Definit ion and Standard ý'alue1. (ContIn'.t*.)

61110Y 3As$i OmRT Description I nput
No. M&A.e Name waI e

24 HaaO( 34) C11 -C*st In dcl lirs to develop Type 11 test 0.0900

____ ~qgullomont.____
N5 am*( 35) CKIT t Cost I n dol Iars (Or 4 0001tic 6%'On k.,I.% 0.00e0

26 Weu#( 3-1; CKMJ Isarety stock coefficient (or *adult stock .9008 1

37 MaAe( 37) CKIIE Safety stock c~offic tent (Or module SLOCk .90

at govigoeni l'1~t.L

Mt*i)CKMO safety stock c~ooric lent or sreodl 0 stock : O0

Al Mlae#( 41) CK' I - V nk1r..s.L ooff- - i~ or pat, i to'.(0)
at qenort. Spo'

42 as*( 42) CKPO Safety stock co~lffec '#At (or pert stocvIL......______________
_71- Y~ -M-6-0 4T)ty stou -Ie k, t CO l ent (9? LP'J 6%00ý16

44 CoOL in dbtl?;z.O 2 .9 ato 07;,0000
ltetchial data t ,.r typo I too,...p.~

! o d-its repai fO~~ ~.011 YPI..
49- Vd;E' 49 mwi *a t dniollaor6 Vor Opear a, reoTiDcesAene.
" &so( 5v)1 MM NMI C!~n dollar* par yeAr'ptr perSom for 352

thjol 2!1 t Suc1porl te.L _________ ___

Name'O 51) cPS Nqnrqtterrjnq p-oduCt Ion Cosiit j 1T j7art

4~ 4 T1 coZst in dollr to Prcr -Ty~ 1009

ANoa.* 91 O4 J1F Z do llator$ to, a st. 0,t ide TTI

Name( 5) CU1 WN!WS9 PO1alndat PPor0 0 16

*rs o I An.

--- Nnw Wu 'MT IPA 4TT e!'~?s 0!*"rd~r. *,a-s 1j. 64 o 0

CAJ.. IS suppoIrt a e TV& Ifigg gj~l grt ln. oi
m es in r ? 5~lg~~n CfOJ

4 ~ ~ ~ ~ 9 1~ae 4)E-91 V AT14MULJ qrd,1:

"&Me( 45) yearly. coott 1. do l In &e & ubtv C@t If, m1 n. 0. ii011

~1T aaeC44 flhi ~oInl do arge per ubttL co ý! mnl

ea 0,Cu614 *at ptr month WWII

17~Nae 6)( 5; r 1o!!.- roo I~ s l~ flj~enIt#,
iOrat eri al star & pe aus~ (irct S C,p*nt

47 0T aget 47) (CPirt Cost in doll2ar$I percubit andt pr matith 4 nomil.t

f~hlal lt or anrc %trial I'YygI
Tv dollar eo pm e r u%((atpt o .2-o'

IV - 400771 Z ~ r c I n d I~ IT a t&,Io s~orasn one r,, a-i, I doi

_1 ..l. ... l 7r -- IV %I ~ e
0"5os In doll are to %&If oII* l0,60 f (,

lnr..-lq-01* a~ t o ll...n to I,@, IS *w ~
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Table 16 NAMELIST Data Content Definition and Stantdard Values (Continued)

IIEdSY 9a6-c FORTRAPI Desge iptlot.
No. Name am.- Iaue

73 Nm(TiF Cur- W ecr#4ring cost in do~lsrA t') set UP

.raining program for- Tyoe I test
74 Name( 7e crati lsifent.____
?4 Nme( 43' -ri i orecurrinq cost .r do-1a's to $*t -P0Obr

training program for Tyoe tI ts

Name ?S CTRSPT 1i6nrecurering *t4t n olars to lot up 000
train'ing program (or 4:o*.tasc %support

?6Nmamet76, CTAV NOnrecu~rriA Cost .n dollars to got up SmOGoe
training proora. (Or TYPO V test

N ame'( 7?:P Stu of voIusin Cubic footfor m6 odiole. .
No-W4mS() ep Storage ..,iune in Cubi, (feet for a Port. Aij

Nase~~~~ ( i Uj5 n±ao~j.m cubt ficgeejfor a L RU.
NameC 0) CUC Coat n dollr-ape year ior equipment 475 '

lovel aaurt provide proventive'

s( e l CU G otind r rh L&U unie.tr ana'y-caC7 (deployment. replaCement, And

4T man*( 02) CY bulopment (oat In dollars fee yp* V 0 sees

Na113 44 R~. *~4 i. ~ow'ia that as good .95410
fw @ &e to the fidld asocklago

e4tJ.-L 1 0 L i recycled.
ma@ P-)IF - " f 4) KI..t0e gaintenance locatioens. I AD

N ~ ~ ~ ~ ~ 4 * i.uti!JIhiIM'ri points. 100
am (s( 4 DI NumberOW 0tIno sFupport maintenance T1.9 0

I repaira~ble LOija Or m2dules being Shipped1j~~T~ iY1 Ipn* in days ror ely 49 oIn handln 1.500j
I rePairable LAU& or modules being -hipoed
_________ esarvsrd 'rcateGoe Sso.

I ao 9)DO Pipeline in dasfrd y nh Iting I
IrhaeC ~ repairable LRUA or modules bo~ng shipped

____rearvard.L- (1fl r i et _____ 4.
z~q NKCAL o~~rne ~ .tie cot 0 4o(

(ntr elI~bPatIqA.'TVP0 IIl test n&annei
inc iudipe Oanpewer. ~00
Ilf NO poOt4 ing iS desird, CCAL 0 S

_____ C~ il is died. EOCAL . 1
iT ame $) ru- Lotros ostng otOne tiestecsts 1,A

for contact AwpieortType IV tist

(~ ~ ~~ ~4 4O pntn sdOi ElACSF' *0.
It lm'nteitgpr CACSPI

95 i~5~(95) j 'ubor _of Tip. p~ t rI~y j!21n s* t.jI
94 ciame( 96, It !he number at Pate.-ai systeis$ 'LRiJ) at It,

ina" ,st &I I &UML --
ilsme@ 97) IE-kTl Hephcedvlue'a orai nd eair

Sen. onmjor items at the equipment,

&demn. (or sen a"d type V &*%t Qouip en1.
:8" NOpsting is dos red. [It 0

Name. !ti po(ji@* ng it v~ 51EE*I 1
poired vlue ag (r Tpo V test.

equipment on major items at 04ulpeent

4,itaei5 iiiNi pos troos-e-ccu-vr-A wer s6g

losads a sevice channl :o1'TY1I IP
tes eqipentI he@ir asited repair

~~~~~po ' ,I:- .sit~ma~nr B
ipi ig odsrd.CI-0



Table 16 N~FiE;.2S-:T Da~ta Content. Definition an~d Stan~dard Vah.uis (Conttinued)

t SENSY 9a;eC FORVTAMII~IP66. nu
".0. P14 PI NamaVlu

7i a0 -os( I02ati7)vDM A APOCttd Value flag for test manpower at 1.4000

202 Nmi(203) NR (pcted value 4`la9 for repair manlpower 1.0866

44Naae(104% EvyS Empected Volvo flag for test e4ulpu~nLt at 1.60000

tiW tlameC 20) EVEM CGpectei c,&lue i"a foe-t~ea asonpower at I. Soo

_F 6* -F 8 Haa.iij 3iVI tapected .&I.* (la&g for lvpaer manpeower 5.00

I rHaele) VE t-Cmegices value 1i.%q for- test equipment 1.0006
11 Y~_Qqntlevel.

206i~a;TIE3~Vfl .epected value flag for lost manepower 1.0"ad
at-GnrlSpor._____

nlr eoamec se 'ETI tpectt; .&lue flag (or repair- manpower .08
at Gonera Iypet.

I2re .1l4am6.0, 1) vTr-- -Csected Value flag (o, %*it equipment
I t ýgTnqfal $~~

IIIl melI CY' topwctrd value flaq f-P teat mW,OteeP 100
at ;lrett Sypeort. ________ ___

SITi Itme V2 Cwpeseetd value riag for repair- manpower 100

*MT t4dq fee(It ) "ir t~ca u lag to,- teat .quepqqnt .%

92 1-sI4) PS The traction of typo v teao$%~~ee 0.40406

225 -R ita~lS I 7g.he,! fcIo; tfTpe1est eqe.,000"e.ei
manpower dogiand that is Added to,

manpower deOAad that is boded for

i.' N 7,.dl I"if yearly, ,AIOrCtt '440. usIc; tee the BB6

10o pultfatee Or present wortn. It is
the net 'at 00 tet-er eIItOe.At rot#
L. e-flattoet rate. II' .. flat'*.e '$-
Coeds dsbCount 1*11415 ( 0, Z616 Input

neot cost with~out Otiecunte.
Y16 14mam(llI OLIA sacto, ofte a,'tonedLotctir

suipport teat @qutpaeent saeentenance
support costs for covillan maintenanre

that Are repaIred. ltOO-10e A*% #~paired

-I* ri dW4- 0(I i6) 7 MI odl rOpal'-rf-raclot, T(o aaaMS

I 2T- NA~el- f(12) 7 A idumotr of Identical LOlja within a System 0.
whose fa~lyro does etot 10tract (,-On

steaValbeltv IAIY tidtad to mod'l

l2~ Nane iY) ~e~ Idet,.-to specefy the Oste of ls1.62

IT, -4a;(-1 -4. FT t$ sP lMonataeedardl part f..aCtet o-latedh to

111 N~b~i2.) A ield supoly adettat.cco7l. lolar-s per CO
year Per line Ite& type pear feid1 *j.eply

I I T Waa#dNO 11,1 "Ymber of SeJuare feet of &PAC* ret ee F TITI

Ir YJI -M401-61ly) oilT "umber of square feet o( apace requl;e) t sll
12 F r WaWj7 f- r IM I,*@ retr0sd.0he0ooLt-

17f Mtedvie Sto'h &t nveot. rYTm s the fee-el

.er,t ,1 9y,1:. al ~, thea111 te fs& t , ,y sart -vu
tI. between. Ielaemet )f a- or-lee- and theii-

129 ;ram";l 1 11m0 fact.r %a e-eh .te the c~ptto 00
Of P4,ttI StOCb 4t D-COe- iY'l es the (emed

time cyclo ast'- Iate.) .etler,% oaep~rnevror-

me~. fetn' l. ýhl, - the factory Stgre-tan
t~ebeteaee, llC*eo a re n del..-

Pe -t'eritJ~i



Table 116 -NAMELIST Data Content Definrit ion and Standard Vatlues (Oontinued}/

SENSY lasic FOPYRAN Description nt
No. Iac Name Vli

1 3 0 Nane(130) FTU Time facto aIn Oeks Sted in the c omptutat ion 10.60time Cycle Associated with pa,-tS 'Vprocur.-
0 ant. lv"PICa&lly* t his is the fIt ,.- 1 , t-p
time betwee filaceSftlt of ane Older aidI

_____ey of the first LFU.____
13 AGe(13l) Fut, LOU repa~ir tract or, at Depot. fie rd

132 Hiam@e12) F UE __LOUJ repabr fraction at eguioes l2.. I,.- -1.0000
133 mame(133' Fiji LOU *epair feact ion t :0 61nra Shr.', t . 1.06000
134 HiaineLU41 FUO LRU repair fraCtion at DIr~tC 16.6port. 1.060

135 ~~ kdm(3) G(, I A-SpVc.ies a POl.icy of discard at al.'. .08
1h.r. ar omintenance 11-ppo.'t activities. 0.69

All failtares. fall Is nýo 90' Indications. and

atti-itio, r:at: inlpts r:ault enwLPU disl~arO.
..nly L U'Is .re sce in the6 pItal System.

Ha~e~ii~i~c2, There is no doeiled fo, modules r51-a
tor G0A _but her l 'ovs to 0.66601

detect false 'no go's'ai. Direct %..Pport and

Onyfaldand .4ttrlted LAU., are 815-
1ardd. *lher I odm~ o oueOPart *t*Ch. 1here im a demand to, Ch*Ckroit
eeavc at Urct "UePo and tie algei

137 "664(137) aG(3y GC4 1bdi le LAU repair at equipment leve dso,

by r-emoving Il replac ing a defective module.

i 3- A-4 @- 73T %S3 E-Vc lfles LOU repair at 61cec Support 0 0.6J
by removing L replacing a defect,.c module.

140Namdl 6(6c) -pe iibUrepair atrn.a $.,i*por j760S
" [IN checkout performod at Direct
Support to reove false no0 go,

.1l' *eo- ending the own. k,

m odule L the dfcIv Cm*dal# 1is

14% Name(il 14-1 GN-Spcif to LOU repa~ir a '~ ~eee
false no qo~~allDfcie oue r

by moduiglerirwi at 0 ip' $ :.ppo't.
144 ~ ~ f- ' 9a~ia 9cS 0. p i ies Lof eara e qvipmentare-i .01

-_ __ I moduletopal, 4%p~t . .
144 NHam144) G.(lG) '1'L-pecifies LOW *andm.~ir "er.' sa aiot1*,1 00

14-Sei'e LOU '-ea 4,' a' -- , 0. 0ft1.)

146 H;V7i 4) ei'i Gc, rGli-tpoe.~iel LOU aendar4,1 o~'r-, aii.- 60V

744C v ilam(14) G(15t l-O'Seetflof checkout wto stlip. I( llse

tblyOLAU and module 04 tepei at (..Oe.e a

li e a-4 T -aiSC i-j7F - .l1; nettI as C heckout to0 lit h (9. .) Ain' g0s' at Dii'ert suippo' I, I v..,(.(ii

i33b LPiZPT)GII11 6-LU rep.air at era'.irv .
uI.T-Spe aerats ep '

13 Nu(12)~i5 .9-SV-iie 1i6 module repia,. at .dCI
DoGnes upot



Table It - NH MELIST Data Content Definition and Standard Values (Continued}

$CHSNSY Sas1C FORTRAN Oescrotison Input
No. Nase Name Value

335 INdAe(lS) H(I) StoCk l ulhOrlatlOn flag At orginizAtion.
Is6 NMaa(I54) H(2) S.o€k )-thoriZatRon Hl9 it =tr1ct !.6660

I Support.

15? N-ae(35?)iH(3) Stock authorilation flag at General 6.0400
Support,

1.._ Nal_(_ ) H_4)__ Stock authorization fl14 at S10O0. _.0000

159 N4ame(159) HPM Discretionary procurement holding time 1.6000
In day.1 for modules.

164 Ma*e(16") iWPP Discltilonary procurement hnoding time 1.0000
in dave for DartS.

131 NaO(161 il'l DisCretionary procurement holding time 1.0600
In Uavs fr EU 1 .

162 Nsae(162) Ti A debuggung FLAG, % hlCh "hen so, to 3, 6.9906
Cause* the printout of t1e current
values Of internal varau,. ...

163 Hame(13) IFLAC Flag for suamalr'zng ind,'-dual LRU 3.0500
came. betwqee diStinct grOups of LRU
CAas. Umed g.nerally no r SuIng
outpute Vf dentlcal LPU Camem that are
Cooamn in two or more theaters.
I - Suppresses the aummarll~tiOn.
* - Sumar C !I I prints the result*.

1 4 NiiA(164) IMF SeleCts the !ill number on tap, or diSc 6.0600
that contains dat. Sorted by MO$ (or
mintenance Support positionm. *he daA
read by selecttng IMP is sorted frOm the
AR37@-2 MACRIT d ta base. IMP * uted in

conjunction with OPWN to build the TOE
tabIes for personnel related coits,

T= " Naae(|
6

5) INN[$ Rn integer to control the PrintOut Of .0 60
individu:I LRU output. Only the •nuberS
O 1 1 are permItted. |14l3 " 0 prints
the LARU Output pago. 3INNIS " 3 -nhnblts

_the Prntot of LR'J oUtpot.
166 iiar (66) I0 An %Pteg#r tO contrOl tie prntout t. f the IJ.O 05'

in1ut NAPIELIgT data.

10~ 0 """ese.ec ~ t~ dat 43 0 * S I n h i b i t s i d AM (L I t T O r i .t. o ut .

ror all LQU'S prt•.t1 Out in
alphabetical Order.

167 ida0e(161) IOPER $el*(t& the option to add TOE operational 0.06000
Costs to the LOGAM Output.
lOPER I 3 Inti'ateS the subroutine

to COmnUt4 the 0peratto'.
and .upport co It d:ri.-'

from a typ~ial TOE tti-ui.:e,The 01$ cois C*omputed

confor. toO AM 34Its was*CI ) An integer to cont0--ir~te runcttionri%
for maintenance concept 1raction&, case

total acuulators .. .,ailility
accuoulators, uo' oo accuauiators. and
recall of saved input .aluet.
IS * 6 Thha ii th5 deoault .alwe and

shoul1 be the value used On
the first pass through LOGIA.
With this value the 4CCumulator
arrays are initialized without
gOing through the recall logic
tO mtOre the np.t data &rray
(SV). If the reCAll Iarry is
used on the first pass the
default values from ILKOAT will
be erased.

I% I Anticlpator-y ontrol for the
nedt LRU. All inputs used for
an LRU case where 143* are

,-€a lled for use -1th the next
LRU. Any va.ues Input for the
next (Ase will modify the recalled
values. vaIlabtltty and workload

accumulators and c@as totl
aCCumulIaors are also reset.
IS 13 automatically reset to I by
the program .f te user reduest$
grand total Output* with HU(-I.



Table 16 NAMELIST Data Content Definition and Standard Values (Continued)

ISENSY IaSIC 1
FORTRAN( Descript ionInu

"a' ~ ~ S Nam "'aese*t* martonance concept (G) au

16 - 2 Raet..ai s .aintnanc concept (6)
tract ion (from one L7RU tc

IS~ - 3 meutralizesa11 reset actions.
It, ,s a.'tosaticakllv set to 3afe

a1 pass titrough the Initialization
I.eCton C' (LOGAM ' Thisasue

tha th acumulhr wil no be

rIe .nti the ..er inputs 5.-1 orI "Tvi Mame(-105' JTEL An Integer control jsed to designate the oo

typo I Io Iemt lctio o yp ts

equandn a:s in IT I oexep
oED ly Typo e %a teat o qn pmet Isa

as*eT~j MA nIinteger to g.eitrtI tho number of' 1.4060
System availability made# to be t.alied

T~t Mae(171fNI A ~ne tCdutiol lntalization o7f .10

72- Nameta72 mu An Integer to Contro. pri ntouit T ofesee

total$ ~ ~ ~ ~ Ui pn vn OG. ae roe ide
M grnd 1,141accus"porogand stop.d

th the toaI cuuaos

he -1 Printouth AOf %,heI page.ttl

Tag his nlot saycobeused by aaiy

cIhane inxa thO aCcuulIat or or
s64y ofnthe progam wanile. y4

N4U -- 2 or.I nts the cape tt%,t 4ls page
ssfor HU - -1 and &lI ,rIntS
g 'rand totals pag I lloIing

t he CaMOe 1 toa page.o ee
of. tha Case total &4cumultors
IS aIccomplished by the control IS.
IS.,16i automatically set% when
NU(_l tom rese% the case total
accumulators after printout
ofr t he Case totalS Pages.

MU *-3 Pr.viaes the same function
'as MU0 . -2, i.e.. it pr ins
out both the case t*tal and
the grand to-.41 pagesa.

A1dditionally, it reststh
grandJ totI accumulators.

MU - Prevides a posit v* program
"sop; sdi obnto

.1id a dummy UNITS card

followe:d by a AIIEIIST
Ir with NU&- .

173 aa*e(l73) 00 Number of' Direct Support maintenance ?.9900
_________ locat Ions.____

174 MNSOO(174) 0DS Number of Direct Support supply 3.09490
or stoark transfer pqints. __

175 Naot(175) 01(3) The operating level of supply in days for 0.0800

7ý. ....... _____ consumables at Orgjnijzition supply Points. _ ___
I7 Nano( 717) 0(1() The operating lovel of suppiy in days for 30.00

lConsumables at Direct stl ons
171 MameC I??) 01-0) The operating level of Supply in days for 30.001

_______ cnsumables at Cieneral supply point$.
178 Msme(I7) 01(4) The operating level of supply in days for 98.00

____Consumables at Depot supply points.

5J 2



Table 16 -NAMELIST Dat~a Content Definition and Standard Values (Continued)

SENSY sasuc FOOTROHI. Cescription Input

No. Has* am Value

19Name(i79) OST(II the older & Ship tise in day& fo, 30.08
______ _____Oroanization supply goints.

H8 Nmec 288) OS~T() Teodr.sitm.in days for 6.0608

2 P2 ia -S( IS8I) OST(3) The order 9 ship time in days (or 6.0860
________ Genral supply points,

102 Nsae(l2?) OSTC4) The order lk ship time in day* for io6
0000% supply points.

203 Namec 283) OTF The fract ion of real time that deployed .2373J

0GUi I -e7nt *prat*s
164 0,1.0(104) P Numbs a f sodule t pas per LOU used to

toT 5 ae 7 67 ) kR *rdcinrt oue. This 0.0600

Input' PMU and PPRf are overridden by
the program i f the rates are

____ insfficiont to meet the demand.
196 N~amo(I86) PIP Number of part types per LAU -,sod to e.0000

cost supply 4adinifitration.-_______
18? IName(287) PPR Prod,,ction rat, for parts. Refer to 6.0860

IP51 desrpin

296 Nse(68)PU Poduc tion rate for LRija. Refer to 6.0600
______ 1CO do scription.

1619 Nsame(28') 0515 IThe minimum reorder quantity for modules. E.we0
296 Nsae290)m amp lThe minimum reorder quantity for parts. ! .00ee

29 sme(191) OIIU the minimum reorder quantity for LRU&. 1.0808

192 Hame(192) 01') Total Depot lesr'l LOU stock quantity 69.9086

M9 Naemol93) GTE Total ora.zat1ISnn. level LOU stock 0.90600

194 Hameo(194) GTI total General Support level LRU .toCk I066

295 NameC 295) 01510 total Depot level module Stock quantity efee~e

196 Mamo(196) OTPIE Total Organizational lo.vtl module stock 606

III? t4am*(t97) 01112 Total G~eneral Support level module stock eoe
____ uantity for ail DIS locations

198 Nsaftl98-) O6TRO Total Tj;,rer% Support level moduile stock ~ 000
____ uantity for &Ill ODS_ lccat ions. ___

199 iNa.*(199) 010 Total Direct Suppor l Ie LOU stock .60
_______ _____ iiantity for all C;S;lcatons

206 Nsmam(200) GTPV Total Depot level part stock quantity 9OO
_______for all ODS locations

202 NaiieviZ0) QTPI Moal General St'pport eovel part Stock 6.8600
_____ uantity for all DIS location. -______

262 HNiiie(202) OIPO Total Direct Support level part stock 0.008e
quent~ty for all ODS locations.

I2e3 Hamei203) RODD Delay time in days between request for 5.0000
a,% LOU at & mainten-ance Depot and
handinrg of the request by the supply
point. Used i. lth computat ion of
ava:ilabili;ty i- reckoning don-t-t0m
at teDpt

26F 4 1.ame(?0Q4)j0 eO RE s mIisr to 002 but in this 1.8060

Insance, it sets the days of supply

At the equipment level for condemned

205 HmeC*(2S) t REPEAT Number of LIU Types in a materia I.68
system (EE). These are LRUS that are
similar In their failure rates and

maintenance concepts, but because of their
type difrence t *hey impact the cost of

suppy adiniration.
20e6- NWam e( 0 6 OF Tefat on of C that Is devoted to .9000

LOU remove and replacetim %I**CludlIiq
fault isolate and rets tie

20? ametG?)RID when using LOGAM SUPpl rue. DIs 140000O
input tn daý.s and is a specification
uise to distin9uiSh.between the Supply
allowiance for condemned modules and

p Parts and the number Of days Of
supply for LRUs and for repaired
modules at the General Support level.
Within the program. RID Is summed with
the input TO? to form h term RIOT

I which ets1,1 th .days f supy at



Table 14 NAMELIsr Data Con'tent Definition and Standard Values (Continued)

SE NSY #a sc FO*TRAA Descr Ipt Ion fnput
NO am Hasse [ Valu

General Support for condemned mnodules
and Parts.

26 ao,4(200) R01 Like RID, ROI is a specificat ion used to e.eeee
distinguish between the supply allowance
for condemned module and parts &nd the

numbier of days Of supply for LRttl and
for rep0,aired modul "S at the Dre'rCt

Supp rItwo le.e . Isthin the porm
ISa u need withý th inpkutl TIO to form t'he
toer ROIT. ROIT set.s the days of supply
at Direct Support for condemned modules

219 aM&0(209) SL(2) The Safety level days Of Supply for z0.ee0

210 iiasseC2L) SL<2) The safety level days. of supply for 115.00

212 WameC:212) 4C 4) The safety level days_ of supply for 15.00
consuma~bles at Depot~ supply

1213 Name(213) SMD Module scrap fraction at Depot. l106

214 Naae(214) SME Module scrap fraction at Organization eee

215 N~am(213) SMF Scheduled maintenance fraction (CUCEeeel

216 NaaeC216) SIN Module scram rracition at Generai Support. 0.00eD
21? *iaae(21 7) SMlO Module scrap reaction at Direct Support. 0.0600
216 Maaet210) SPE Fracti on for Controlling the Sunk portion 8.0000

of the prime equipment cost. Any
fraction may be used for SPE, SPEY, L SPEVR.
SPE 11 0 charges ze-r <sinks) the Cost

Of the dev'rm quipment.

SPE is I chargeos -.il cost for deployed

2110 NamvC219) SPEY Factor to cnr. .nngof CostL.0
of thes initial p ..<..on
SPEY 9 no cost: f~r %.ie initial allowance.

________ SPEY aI Charges full Cost. ___

228 MaaaeC226) 'SPEYR Factor to sink coats for reordered material 1.B0i00
SPEVI 0 Charges Zero Cost.
SPEVR I charaies fullI cost. ___

221 iiaaeC(2ZI STAT The depot pipe in days between the depot 45.00
and the rear-most facility Shipping LRU*
and modules to the depot. ___

222 Ma~mec222) SUD LRU scrao fraction at Depot. . 8500
223 Naees(223) SUE LAU scrap frliction at edvipment level. Belooe
224 tiaae(224) $SU LRU scrap fraction at General Sveport level. arrtee
225 Namv(225) SUO LRU scrap fraction at the Direct Support I0.10 0b

level. - 1 _

226 Naae(220;) SYE Salvage fraction for cost of installed I.de

_____________ RUs at the end of the lift Of tn* program.

22? Haae(227) SYR Salvage traction Of the Cost for consumed 0.00001
_______ ______material.

226 MameC220) SYT Salvage fraction of the Cost for test
1_____ euipsent.

229 Naame(229) SYVV Salvage fraction of the coat for residual .01
________ inventory. .01

230 lName(230) TALMRN Number of' test men per calib';ration crew. I2.0e00
231 Nliamo(231) TATCI) Mainteniancei turn-around time in davs at 1.e000

tne Orgainizattion maintenance Support
-level.

232 MaaeC232) TAT(2) Maintenance turn-around time in days at 4.0000
thr Direct maintenance support level.

233 Name(233) TATt3) Maintenance turn-aroiund time in days at 0. 0001(
the General maintenance support level.

234 Hamo(234) TAT(4) Mainteniancep turn-arounid time in days at 0PJ
the Depo3t support level.

235 Hame(231l) TATE The number of days *eQwlltd for stoc% to

be obtained at the e vi sent ee.

54



Table 16 NAMELIST Data Conrten~t Definition anid Standard Values (Conltinued.:

SE9SY ::::c FORTPRAN Description nu

H~ m26 AZ h v~ i~ It. .o Name i.ae

2YV Nso( -TAYz(2) Theaalblt cuuao for_:he I.1.600

aggregate number of LRU's.

LRUII's I t V. I f the o tutputIsde

S o eie.enter a zero.

23 
:::25 

rY(1Th viaIliygaccumulator 
for the 1.00684

third:., ubsem roupingdof
11~s ', he oup-%s e

sired enter a one. otherwise
_________enter a zero.

F230 HameC238) TAYZ(3) The aovaIl,,ility accumulator for the l.600a
feourt subsystem grouping of

sired entrta oe, ohe~rwd!s@
eeraZero.

231 tiaae(239) TAYZ(4) The availability accumulator for the iee
fith S.ubsy:1em grouping of
LRU:. Itf lhe, output isd-
sired enter a one. otherwise

2402 Naa.(244) TAYZC7) The availability accumulator for the 106

fourth subsystem grouping of
LRU'S. If the output Is do-
sired enter a one, othorwis*

________enter a zero.
241 Nam*(243) (RYZ(8.. The availab1Ilty ACCumulaitor for the 1.90000

seventh subsystem grouping of

` R s. If theo u ut S de

sired enter a, on.: Otlheis
enter a zero.

242 Naae(2423 TAYZ9,) The availabWiiy accumulator for the 1.0000

Sie enter .a. one otherwise
243 NameC4SJ~eiY MlOntr a Zero.
243 sio243)TRY(8)The availability Accumulator for the 180

nI~0neth SubSy Stem grouping of

Li.U'_. If the a pu V1 d
Sire Wenter atu* one,ote.,
enter a zero.

246 Name(2441 1 TCY(9 Theaa lestbimeity ho~urstor fo heku 1n.5000

LRU ah t an li el : gror p d t tI on of ra e

nore go LU Ue d to Comp~t e deman

_ _ _ _ _ or t es rm no v e._ 
_ _ _

2M5 Name(245) TAY 1 nlea 6 atest , tm iny hccumulator fhcor tha .5.

Lno g'S LRU'S. :ugUsedtocop ute dema

____for test manpower.

249 84,(240, Till Sums with Tb t omvariable Tjqr which 15.80
sets the number of days Of Supply tor
LI"s and for repaired modules at the

Ieea SupotleeI frLAUS

then TIDT sums wit: TEOT ango T01OITitt
computing down(-time. in the availability

_____ ____ c . Iculatin-s R(P- ).-
249 Mian (249) TOIAN Mapower productivity factor or nuatier 0.8000

o"f men no'r itest crow at Direct Support.

236 Name(259) 1TJfli The mean timet In hours spent in the test .56000

postio a 3 ootpr test sequence.
The program aumes thakt thift timeu11
be spent tw:ce One aere
italification. ins made ad arC, afte th
modificatioan. Thids Is sla0 tie fo r ItIM.

-and T Onk. ________



Tabl I6 e NAMEL IST Data Content Def init ion and Standard ValIues (Continued)

sew4S aic FORTRANH Descript ion Ipt

251 iiitmoc251 TopI1 MnoePrdcityfactor or number .- 0

Of son pr eteqpen C-watDepot

252 Naae(252) TDPMIII ManpOwer productivity raco, o.- number 0.6006

of men ae repir c rew at Depot
(to.- Type II test eClipmont. )

253 Haame233) TDPRI Manpower Productivity factor- 0- the number .90101

254 Haae(254) TDPRII Manp:0owr produ~ctivity factor or the numbe.r 6.0060

253 Mamo(255) TDR Peair %low in hours to repair an LRU. 1.58000

236 iiaae(256) rDRMMN mapowar- product ivity fabCtOr Or~ nuber 0.0806

23? iiamwe237z TE Test ti 1me In hours for an LRU at equipmetnt .5066

_________ tes manpower.
22(m im&.*259;) TEIIAm Manporprdcityftrornbe 1.0000

259 iiamo(259) TENMAH The man applied to MTTA effort at 1.0068

needed to porter. the work
266 Nsme(266) TEO Pipolongth In hours between equipment 6.0000

level and Direct Support .1h~f usng4:
LOGAN Supply Rules Or eapedited tim
for obtaining a Spane# when usling LOGAM

______Mainteiniance Rules (definition of OL).-
261 Miiam(26I) TEA Repair time iiri manhourS for an LRU a. e.0000

equIPment level. Used to compute the
___ eand fo repai 1170"" ower.

262 Hame(262) TEAMAN manpower productiuity factor or number
of repairmagn pci- repair crew at equipment

263 HName(263) TF mean. .m in hours to test and LRU as .0000
Direct Support. It is the, total time per

srieactIon in t he test pesition and
it .usd to se the demand I., testi

_______ .oIpsent and for teost equipment men.
264 Naaa(264) TFA R oar time in1 houes for an LRU at Direct 6.0000

ISupport.. Used to compsute demand for

re Elor manpower.
263 Neaa(265-) TGIAN Manpower Productivity factor Or number 2.0000

of men per test crow at Concral Suppnrt.
266 liaae(266) TGMArIA Manpwoer Productivity factor or number 2.0006

of repairmen per repair crew at General
_________ upart

267 IName(2671 TI Test time In hours for &An LIZU at General d00
Su~pport. Used to compute dei.amd for test

268 iliaae(268) TID Susw Th 7 to form .4riaoi. T107 uhi~zh 0.0000

seUts the number of 'day, of Su:pplY for

'a an fo e aie mdul. at the
Genera~l Support level. If -Ock or LRA s

"'s not deosignateld at General Si.pport,
then TIDT sums with TEOT and TOIT in
Computing down-time in the availability

I calculation) (RID).
269 Hasie(269) lIRN The mean time In hours spent in the test 000]

posItin atGeneral Spotprtaseuen1ce..The progra asue tht hi
time Will be apent twice: once t.fore a

modification and ance after the
__.ad,_4L_ mdfc at ion.

279 M&&e(2?6) TIC Sims. *ith T01 to make the variable TOIT.001
701? states Pthe nume Of ay fuppl.

at Direct Sppor fo~r LARUrs0CreairiQa or
condiemnedi) aind modules which will 0e
repaired. IfLRUsI1tock i ht ,igia
at D Irectot'heni OIT als a~ adtonal
down-7Tie to TEOT *ntec,.pwitaton of

_______ ~ ~ ~ ~ 1 ___ vilblt ROI



Table 1& -NArlELIST Data Content Definition and Standard Values (Continued)

SENSY 9:siC FORTRAN Description Input
NO. Nam Name value

271 Mamec2?I) TIR Repair time in hours of an LRU at. General 0.0ee0
Support. Used to Compute demand for

_________repair manpow~er.

272 NsaeC272) TMD T051t timeo Inehours~l frmdl Chkout .2500
a3 Deot Isd to coput dewand fr

test mAnpouer.

273 jName(273) TMlOD The tiot In hours for Modification kit 0).0000

- Installation Per repair crew at Deno%. ___

274 Nsme(2?4) THOR Repair time in hours for A moudule a'.t00
Depot. Used to Compute demand for repair

____manpower.

275 iiame(2?5 TMIl me1an test In hour* tor eodule checkout 0. 00301
at. General Support. Used to compute
demand for test manpower.

276 Name(W76) TMIED the toime in hours far modification klit 8.11168
installat.ion per repair crow at General

____support.

2? aiie(277) THIR Repair time In hours for a module at eee
General Support. Used to Compute demand

_________for repair manpower.
278 Name427FT TiqO Mean test timevi in hours for module eee

Mo checkout 
at Direct 

Support. 
Used to

279 NameC279) ThIOD The time in hours toe miodificativn kit 0.6000
installation per repair crew at Direct

298 Name(200) ETmOR llepair, time in hours for a module at 6.0808
Directl Support. Used to computer demanid
for repair manpower.

9=7 Hilaee201l TOE Pipelength in hours between Direct Support 0.00ee
and equipment level when using LOGAII SupplyI Rules used with TOE.

282 Ham*(W82) T01 Sums with T10 to make the visria~ble TOIT eeee
T01? States the number of days of Supply

atDirect o.upport for t.RUs (repaired or

<3 iei.o d ) and mod.I* s wi~hch will be

at Directi than TOE? als adds down-t Im
t, TEr.T In the computation of

_______ _____avail Ibility (Rot).
201 Name(28".,) T0MW The Sean time in hours spent in0 the test

poshilon At Direct Support per teat

Sefquenceo. T he progras assumes that this
time will be spent twice: Once before
the modificatitin is Installed and once
lartterI Nth modI ifiCation is installed.___

204 hiame(284) TONHAN 17umb~r of men per contact support crew 2.00e0j
_______ TVRO IV test equipment).

293 Name-285) TRC D~own-time in hours per service demanda4

equipment level (equivalent to MTTR).4

2S6 tia.*(286) TUMO Used in concepts GMl, GP, GO. GS, and GT 810
which tall for LAU and module repair at
Depot. TUIID sets the supply allowance in
hours for moduels at Depot to cover th,
t;me betwton remioval of a module from an
L U until the module Is repaired and
returned to service for servicing further

_____LUs.

297 14iaeeC28F) T~mE used in concepts GM. GO. and CR which 84.rje1
cal;.for LRU and: mtue ear atGeneral
S .pr ,. T UMI Set 4he sruppl7y allowance
in, hours for modules at General Support
to oe h ime, between removal of a
mo~d~ule f#,-'0#an LRU until the module
is repaired and returned to serwice for
s#.ricin5L further LRU%.___

288 hame(208) TUIIO Used for maintenance concepts LG where b.

both LRU and moul repairs are performed
at Dire. upport. ,UM . et th L.".uppl

allowance in hours for modules at Direct
Suporttocovr he "time between oemo-al

of a0 moul fro an IR uti th ulo
is repiaired and returiid to service icr

____servic ing further L" Us.

209 Name(2891 JD IThe scihedule*dworl: .week in hours for test 40. eo

*(vp n. t,

J- 7



Table 16 -NAMELIST Data Co~ntent' Derinirtior, and Standar-d Va~lies (Continued)

SENSI' Basic FORTRAN Descriptionfinu
Ho. Name liamietVl

290 Haiii90 WMDI The Scheduled work Week in h~ours Frot test 40.00

- croew* at Depot.
291 'ia.*(29t) hOP The Scheduled work week In h;u~rs oro 40.06

- 'Pat, Crews at Depot.
292 Hame(292) ME Scheduled work week in hours for- test 44.00

I"___ ___ qimn at 010-12n,101,. ___

293 liame(293) WdE Sh;duld work .week in hours for test 44.00
lc.-us at OrganiZation. ___

294 Nan*(294) WER ISChedu~ledwork,: c.1k - hours 1-r repair 44.eOi
crew at , "an :Iun.

29 Wa.e&C-2 9 -) WI The scheduled work week in hours frot teat 44.00
_____ eulpipm at Generall Support.

296 HameC296) WMli The SCh~dulod work week in hours froe teat 44.86
i crews at General Support.

29? iNare29?) WIR TheSChtduledawor~k *eek inp: hour 44.0
repair crew at Genral Spot

28 Name(298) MM IThe Shipping Weight in pounds or a module. -
299 NaA*(299) WMR The work week in hur for repair men 44.e00

1pr for I ., T.C .ork o! waler ies __

383 Nami,(300) 'hMT IThe Orek week in hours for Type Y test 44.00
________ Qupipment.

361 Navo(381) WO The schduled work week in hours for teat 44.136
_______ _____ eq Chmet at Dtr*Ct upr. ___

______ ____ teu a Diec Suýpport.

383 Hamo(303) WOR The Scheduled w~ork week in hour% for 44.9e
________repair crews at Direct Support.

384 Nalsir3134) WIP The shippino weight in pounds of a part. oee
305 H&aa(305) WTKcIT The ShIPPtng wtight in poung3s of mod kit. 0.e0e0
366 Halle(386) WU T~hQ shipping weight in p urics of an IRU. 4
36? Ha.e(307).ifAT 'The annual attrition frt-Ation for LRUs. 100

It represents an annual demand for- reissuir
an d reproCur-ement to replace attrited
:L R'J,. It operates :,n '-ho, popvat ion of
.-11a41140 LRUs to determine the number

to be replaced each year. Witl in the

0rora 9,.VAT is converted to 4.an

_______ suIt P led bV DI togt hrei iera.
368 Hatie(306) YD Th: lengt'h. 0f the de"iopmentV phajfe of 0 .6060

the pro9ram in years. It i s only used
in computing pi-srrset value of costs
incurred during a deuclopment phase
(definition for PIHT).

369 Hamo(309) iIMWO The numbetr Cf lMWOS per year per LRU. 9 .5566
lMUDS expcted to be performed in the

life Cycle. i~e., if two MMD. are expected
in a lifer cycle of 10 years. Ynu3, . e.2. 1.68

316 Ham*(31) YP The length of the production or .- 0
acquisition phase in years. It is used
In Computing the present value Or Costs
i ncured dur aIng t he production phase.
it 51 alsl uSod iesiangthekinitial

produCtion rate nht is, useda asa
reilference& rate in the sain program in

t;he !2mputation ofrrdr buy quantities.
311 Na.et311) VP Th urtio 4f the operation and 10.80

maintenance portion of the program In
Years. Many of the cost computations frot

support are' directly proportional to this
Input. it is alSO used lot compouting

p:resent vialue of operation &a.d maintenance

312 mame(312) YZ Input in the aimensioi. of years and may 006
bepositive or negatiuc It (Iue in

the 0optai of iprosea I.,u of
costs to Change tne :r0 ""i" "i'
refIe re"nce0 at which resltnt .ia.u Is
started. The program treat!. YDl, YP, and
Y R as c on SOCt ive r.on-ovorlapiiisn time
interuals. lio-inl ly, present .41.e Is

computed ror the entd or the product ion
phase ai~d the start of the op~eration and
*inte-natice "hase. ýz sitifis sIn" DO-

.1 amany yea.S ahoad cf o f.



Table 16 -NAMELIST Data Content Definition and Standard Values (Conitinued)

SENSY Ba-sic FORTRAN Description Input

No. Name H.00 thus, if YZ equal& the nega&tive Of VP, aI-u

then resent value IS State d at the start
of the production phase. If YZ IS
positie it mo" the pointsoz 0 anyyer nt. th .051 eio ire i start.
Shifting YZ fr.m LRU 'o LRU in %th input

*equtnce of LRUs beinhg analyzed And usingq
untin cost inp.ut. controls can accompl ish,

at present value, a ti-# phasing of progi-ai
Cottotals.____

313 iHame(313) ZFL Round-7ff rule uSedi optn evc ~ ~ 0

_____________Is invoked.____

314 iiaae(314) 21 Fraction of ilUOs installeld at Getnral .99.1-
Support.____

313 Name(315) ZiMcI) The round-off fractions for modules .91
_______at Equ-psti'nt Supply points.(ZiL2.

316 iiamo(316) ZM(Z) The round-off fractions for modules .9999
____ lat Direct supply points. EZFL23. -_-_____

317 Name(31?) ZMi(3) The round-off fractions for modules .9999
at General supply points.(ZPLI. __

318 HName(310 Zti(4) The round-off fractions for modules .9999

'_____ at Deoat supply points.CZFL3.
319 Mioe.(319) 20 Fraction of lMUDs instal led at Direct 0.6968le

Support.
320 Nsam(326) 2P1) The round,-Off fractions for parts at .9999

at Di.ect:' .u I v oints.CZFL3.
321 rdsme(321) ZP(2) The rudoffatosfrprsa

atGoea spl ooints.CZFL]. ___

322 Namo(322) ZPC3) The round-off fractions for parts at .9999
_______I&a Demot supply ooints.(ZFL2.

323 NPane(323) ZU(1) T~heeround-Ofsffractions for LRU's at .9999
___ at Equimn suplf y points.rZFLI.

324 Name(324) ZU(2) The round-off fractlo--S for LRU's at.99

325 Mame(323) ZU(3) The round-off fracton~sfor LRUWI at.99

at Gen*ra u P at ponts.(ZFLL 9'9
329 Ham.(326) ZU(4) The round-off fractions for LRI's St .99991

______at Depot supply points.(ZFL3.1
327 Name(327) SEI4SY An array dlimensionecl by 266 orgain:oo in 0.008011

the NAMELISTý'L.' format to conduct
sensitivity runs. Rofer to siction, 3.3

_______ fora description of sensitivity analysis. ___

328 Name(320) T Table of Organ-st iom and Equipiment 0.08
( TOE) dimensioned by 2068. The con ents

of this array ar no sd unlest IOPEQsI i

Input and case tot&ls 4:are I slcte ~.th

59



Appendix 3

SCRAPIRONS's Output For Design Configuration * I
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Hou.r- Of Of c,:, 0 fH H:' 0i
Cont 1 r'.u1s p C.ont 1 ro-ous P C ort 1 r-Iou FP Corp t i ri .Ju P
Oper -t i or_ { OJer'&t on (5 C ,3perat i or, (.; Oper at 1 or,

20 100.0 1020 85.4 2020 50.7 3020 1.
40 100.0 1040 84.: 2:040 49.9 3040 1 .
60 100.0 1)Q60 34. 20'0 49.1 3060 1:7. 4

80 99.9 1080 83.7 2080 48.4 3080 17.9
100 99.9 1100 83.1 2100 47.6 3100 17.5
120 99.8 1120 82.5 2120 46.3 3120 1'. 1
140 99.7 1140 81.9 2140 46.1 3140 16.7
160 99.7 1160 81.3 2160 45.3 3160 16.3
180 99.6 1180 80.7 2180 44.6 318: 15.9
200 99.5 1200 80.1 2200 43.8 3200 15.5
220 99.4 1220 79.5 2220 43.1 3220 15.1
240 99.2 1240 78.9 2240 42.4 3240 14.8
260 99.1 1260 78.3 2260 41.7 3260 14.4
280 98.9 1280 77.6 2280 40.9 3280 14.0
300 98.8 1300 77.0 2300 40.2 3300 13.7
320 98.6 1320 76.3 2320 39.5 3320 13.4,
340 98.4 1340 75.7 2340 38.8 3340 13.0
360 98.2 1360 75.0 2360 38.1 3360 12.7
380 98.0 1380 74.4 2380 37.4 3380 12.4
400 97.8 1400 73.7 2400 36.8 3400 12.0
420 97.5 1420 73.0 2420 36.1 3420 11.7
440 97.3 1440 72.3 2440 35.4 3440 11.4
460 97.0 1460 71.6 2460 34.7 3460 11.1
48e 96.8 14C0 70.9 2480 34.1 3480 10.8
500 96.5 1500 70.2 2500 33.4 3500 10.6
520 96.2 1520 69.5 2520 32.8 3520 10.3
540 95.9 1540 68.8 2540 32.2 ?540 10.0
560 95.6 1560 68.0 2560 31.6 3560 9.7
580 95.2 1580 67.3 2580 30.9 2580 9.5
600 94.9 1600 66.6 2600 30.3 3600 9.2
620 94.6 1620 65.9 2620 29.7 3620 9.0
640 94.2 1640 65.1 2640 29.1' 3640 8.7
660 93.8 1660 64.4 2660 28.5 3660 8.5
680 93.4 1680 63.7 2680 28.0 3680 8.2
700 93.8 1700 62.9 2700 27.4 3700 :.0
720 92.6 1720 62.2 2720 26.8 3720 7.8
740 92.2 1740 61.5 2740 26.3 3740 7.6
760 91.8 1760 60.7 2760 25.7 37• -7.4
780 91.3 1780 60.0 2780 25.2 :_____ 1
800 90.9 1800 59.3 2800 24.6 9
820 90.4 1820 58.6 2820 24.1 382' .
840 90.0 1840 57.8 2840 23.6 3840 6,.
860 89.5 1860 57.0 2860 23.1 3860 6-.4
880 89.0 1880 56.2 2330 22.6 3880 6,12
900 88.5 1900 55.4 2900 22.1 3900 ,05
920 88.0 1920 54.6 2920 21.6 3920 -,8.?
940 87.5 1940 53.8 2940 21.1 3940 5.6
960 87.0 1960 53.0 2960 20.6 3960 5 -
980 86.5 1980 52.3 2980 20.2 3980 5..
1000 85.9 2000 51.5 3000 19.7 4000 0 .2
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Sy st erm Des i 2n Paramet.Ier Est i roat C Summar'Y

'ystem Parameter Point Vstimat-s

Mean-T ime- Bet ween-Fai I urt 2133.91 hour*

Mean-Time-To-Repair 223.88 Minnutes

Line Replaceable Unit Con-
s:Amption Rate Per Thousand

Hovrs of Operation 6.08 LRU'.

Inherent Availability 99.83 %

Average Number of LRU's
Replaced, Upon System
Failure 3.77

Conflguration Anal vi$S Out put Sumnmary

The Mean-Time-teteen-Failure Predictions Itemized Below Are Based On •re

Assumption That No Repair Actions Are Initiated Prior To Configuratior

Failure. Upon Failure, The Configuration Is Totally Restored.

Configuration Name MTBF MTTR Inherent
(Hours) (Minutes' Availability

(Percent)

Function I 9366_ _ 534.73 99.98494

Function 2 6936 1 371.01 99.;1093

Function 3 5971 287.53 99.91980

Function 4 3825 144.33 99.93714

Function 5 25139 367.00 99.97567

Function 6 12622 262.14 99.96548

Function 7 16041 268.89 99.97298

Function 8 11748 125.80 99.9822?

Function 9 11248 127.32 99.9811ý

Function I1 5841 120.02 99.96033 j

Function 11 7990 262.15 99.94535
Function 12 15551 94.00 99.98993
Function 13 8024 117.62 99ý.$7787



Fr',b ib I I I- T. I Li1 .~-F9 1PC a-: ab I e-Un i t, LCon~s. mnp. iOn at F.ai 1 ure

The .'erag r,ur,.ber orf LRLI's replaced when the system f-ails is
3.77. The st.arda,'d de')iatior, of this random variable 1- 2.13.

The diotrnb....,or ot' thi S randorn ,'ariable is illustrated in the below figure.

P 4 2

ro
0 45

b 42

a

b 3-

I 1 6

33
t

y 30

o

24

0 21
C,

c 19

u

r

r 12

e C -

e

0 1 2 3 4 5 6 7 9 g to
Number of LRU's Replaced at Fai lure

Number Of LRU's
Replaced 1 2 3 4 5 6 7 8 9 10

Pr-obabi l ity Of
Occurrence ,(%Y 40 21 9 11 3 9 8 7 8

Probability Of ....
P or Less (<} 0 40 61 70 831 84 93 93 101 100



Appendix 4

SCRAPIRONS's Output For Design Configuration # 2



S, t -r R 1 i ab 1 1 t F red 1 ct

Hca. 0f Hoi.jr-s Of 1 1 i.ur C, H o .j r S C' f
Cont 1 nou Cort 4 nc'u R j C nrt 1 ro'j P Cornt 1 PL

Operat i on (e Operat i or, 'N.: Op 1t' t :on (P % Oper at ion (E
1, 100.0 ___'___9 87.e 13S18 57.4 2718 25.3
36 100.0 9315 87.3 1836 56.8 2736 24.8
54 10A.*i 954 86.8 1854 56.1 2754 24.3
72 99.9 972 36.3 1872 55.3 2772 23.8
90 99.9 990 85.8 1890 54.6 2790 23.3

108 91.? 100$ 85.3 1908 53.8 2803 22.9
126 99.8 1026 84.8 1926 53.1 2826 22.4
144 99.7 1044 84.3 1944 52.4 2844 21.9
162 99.7, 1062 83.8 1962 51.7 2862 21.5
180 99.6 1080 83.3 1980 50.9 2880 21.0
198 99.5 1098 82.7 1998 50.2 2899 20.6
216 99.4 1116 82.2 2016 49.5 2916 20.2
234 99.3 1134 81.6 2034 48.8 2934 19.7
252 99.1 1152 81.1 2052 48.1 2952 19.3
270 99.0 1170 80.5 2070 47.4 2970 18.9
288 98.9 1188 80.e 2088 46.7 2988 18.5
306 98.7, 1206 79.4 2106 46.0 3006 18.1
324 98.5 1224 78.8 2124 45.3 3024 17.7
342 98.4 1242 78.2 2142 44.6 3042 17.3
360 98.2 1260 77.7 2160 43.9 3060 16.9
379 98.0 1278 77.1 2178 43.2 3078 16.5
396 97.8 _ 1 .296 76.5 2196 42.5 3096 16.2
414 97.6 i:314 75.9 2214 41.8 3114 15.8
432 97.4 75.3 2232 41.2 3132 15.4
450 97.1 -350 74.7 2250 40.5 3150 15.1
468 96.9 13I 74.1 2268 39.9 3168 14.8
486 96.6 1386 73.5 2286 39.2 3186 14.4
504 96.4 1404 72.8 2304 38.6 3204 14.1
522 96.1 1422 72.2 2322 37.9 3222 13.7
540 95.8 1440 71.5 2340 37.3 3240 13.4
558 95.5 1458 70.9 2358 36.6 3258 13.1
576 95.2 1476 70.2 2376 36.0 3276 12.8
594 94.9' 1494 69.6 2394 35.4 3294 12.5
612 94.6 1512 68.9 2412 34.8 3312 12.2
630 94.3 1530 68.2 2430 34.2 3330 11.9
648 93.9 1548 62.6 2448 33.6 3348 11.6
666 93.6 1566 66.9 2466 33.0 3366 11.3
684 93.2 1584 66.2 2484 32.4 3384 11.1
702 92.9 1602 65.6 2502 31.8 3402 10.8
720 92.5 1620 64.9 2520 31.2 3420 10.5
738 92.1 16381 64.2 2538 30.7 3438 10.3
756 91.7 1656 63.5 2556 30.1 3456 10.0
774 91.3 1674 62.9 2574 29.5 3474 9.7
792 90.9 1692 62.2 2592 29.0 3492 9.5
810 90.5 1710 61.5 2610 28.4 1510 9.3
828 90.0 1728 60.8 2628 27.9 352s 9.0
846 89.6 1746 60.1 2646 27 4 3546 8.8
864 89.2 1764 59.5 2664 26.8 3564 8.6
882 88.7 17821 58.8 2682 2613 35821
900 88.2 1800 58.1 2700 25 ..8 __.IO_ 1
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System Design Parameter Est mate Summar',

Syst em Parameter Point Estimate

Mean-Tin-i-t.Beeen-Fai lure 2091.78 hours

Mean-Time-To-Repair 208.24 MinuteL

Line Replaceable Unit Con-
sumption Rate Per Thousand
Hours of Operation 5.86 LRU's

Inherent Ruailability 99.83 %

Average Number of LRU's
Replaced, Upon System
Failure 3.53

Configuration Analysis Output SummarZ

The Mean-Time-Between-Failure Predictions Itemized Below Are Based On The
Assumption That No Repair Actions Are Initiated Prior To Configuration

Failure. Upon Failure, The Configuration Is Totvlly Restored.

Configuration Name MTBF MTTR Inherent
(Hours) (Minutes) Avai1aLbility

(Percent)
Function 1 8236 407.71 99.91756
Function 2 6936 371.01 99.91093
Function 3 5971 287.53 99.91980
Function 4 3825 144.33 99.93714
Function 5 19178 145.00 99.98740
Function 6 10336 211.4! 99.96592
Function 7 16041 264.a9 99.97290
Function 8 11748 12•1.00 99.98227
Function 9 11240 127.j2 99.98112
Function 10 5041 128.02 99.96033
Function 11 7990 262.15 99.94535
Function 12 15551 94.00 99.':8993
Function 13 8L24 110.9.j 99.'770C:



H

P r.:.•tba 1 -t i : Li r,,-Rc-pI BLC-, b1, -Ur),i t LC ---- _rf-1 l t. ) 1 Cn t. Fat i I Iur

The average nurmber o:f LPUZ rep Iaced when the S5-t em f&I 11 2 i S
3.53. The st andard de, uat ion of this random ,.ariable is I . a 0.

The di-t r but, ion of this rardorn viriable is ii lustrated in the belI:wt1' ti'gure.
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Number of LRU's Replaced at Fai lure
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Probabi lit i t f'
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Probab i I i Of____ _
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Appendix 5

SCRAPIRON$'s Output For Design Configuration # 3
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err Re I? 1 ab i I i t P Fr ejd i or-,

Hc-u r sCI H':ujr- 131f Hour~ 0 t H C.u r~
:nt 1 P I I r' 4 i Cor r') o C 1. rou • C 0 r) t u I

Ope rat 1 0r' . , r- ' ion {Cr Oper at 1 on % _ r_ at I Dr', "
32 99. 1 1632 40.7 322 5.2 4832_._

64 98. 1 1664 3..6 '3264 5.0 - 4 4 . 2
96 97.2 1696 38.4 3296 4.7 4'B6 .2

128 96.2 1728 37.3 3328 4.5 49 .2
160 95.2 1760 36.3 3360 4.2 4$60_
192 94.2 1792 35.2 3392 4.0 49912 .2

224 93.2 1824 34.1 3424 3.8 5024
256 92.2 1856 33.1 3456 3.6 5056 .1
288 91.2 1888 32.0 3488 3.4 5•88 I1
320 90.1 1920 30.9 3520 3.2 5120 .1
352 89.0 1952 29.9 3552 3.0 5152 .1
384 87.9 1984 28.9 3584 2.9 5184
416 86.8 2016 27.9 3616 2,7 5216
448 85.7 2048 26.9 3648 2.6 52481 .1
480 84.6 2080 25.9 3680 2. 5280[ .1
512 83.5 2112 25.0 3712 2.31 5312 .1
544 82.3 2144 24.1 3744 2.2 5344 .1
576 81.1 2176 23.2 3776 2.0 5376 i
608 80.0 2208 22.3 3808 1.9 5408 .1
640 78.8 2240 21.5 3840 1.8 5440 ,1

672 77.6 2272 20.7 3872 1.7 5472 .1
704 76.3 2304 19.9 3904 1.6 5504 .1
736 75.1 2336 19.1 3936 1.5 5536 .0
768 73.9 2368 18.3 3968 1.4 5568 .0
800 72.7 2400 17.6 4000 1.3 56:00 .0
832 71.41 2432 16.9 4032 1.3 5632 .0
864 78.2 2464 16.2 4064 1.2 5664 .0
896 68.9 2496 15.5 4096 1.1 5696 .0
928 67.7 2528 14.9 4128 1.0 5728 .0
960 66.4 2560 14.3 4160 1.0 5760 .0
992 65.2 2592 13.7 4192 .9 5792 .0

1024 63.9 2624 13.1 4224 .9 5824 .0
:056 62.E 2656 12.5 4256 .8 5856 .1
1088_ 61.4 2688 12.0 4288 .8 5E::3:3 .0_
1120 60.1 2720 11.4 4320 .7 5920 .0
1152 58.9 2752 10.9 4352 .7 5952 2-1 _E

1184 57.6 2784 10.4 4384 .6 5_ _ 4 .01
1216 56.4 2816 10.0 4416 .6 6016 .0
1248 55.1 2848 9.5 4448 .5 6048 .c
1280 53.: 2880 9.1 4480 .5 6080 .0
1312 52.7 2912 8.6 4512 .5 6112 .0
1344 51.5 " 2944 8.2 4544 .4 6144 .;

1376 50.2 2976 7.8 4576 .4 617 .
1408 49.0 10 8 7.5 4608 .4 620:
1440 47. 3040 7.1 4640 .4 E4'i .C

1472 46.6 3072 6.8 -•722 .3 _ 2___ ._0
1504 45.4 3104 6.4 '.u 1 .3 :0 4
1536 44.2 3136 6. 1 73t .3 -63:
1568 43.0 3168 5.8 4 .3 7E_ :__ 1 .0
16001 41.9 3200 5.5- . 4 '-1f.o

T- 170 5.5
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Sv st en, Des i *-r P ar arn.et er- Est,. 31 r te Summiary

S;_Stem Para-neteki Point Estimate

Mean-Time-Between-Fai lure 1499.37 hours

Mean-Ti me-To-Repai r 180.00 Minute:

Line Rep'aceable Unit Con-
sumption Rate Per Thcusand
Hours of Operation 5.77 LRU's

Inherent Buailabilit5, 99.80 %

Rcerage Number of LRU's

Rvp!aced. Upon System

Failure 3.06

Configuration Analy-sis Output SumM-11Y

The Mean-Time-Betweer-Failure Pr-edictions Itemized Below Are Ba.ed On The

Risumption That No Repair Actions Pre Initiated Prior To Conf'iurat..:,r,

Failure. Upon Failure, The Configuration Is Totally Restored.

Configuration Name MTBF MTTR -- Inherent

(Hours) (Minutes} Rivailabilit;)I
(Percert. )

Function 1 8236 407.71 99.91756

Function 2 6936 371.01 99.9109:3

Function 3 5110 242.72 99.9293900

:,7jnc t i on 4 3825 144.33 99.93714

Functlon 5 19178 145.03 99.98740

"Function 6 10336 211.41 99. 96592

Function 7 6289 114.32 99.96972

Function 9 11748 125.000 99.98.27

Functio,, 9 .. 11240 -12?. :s2 99.98112

Function 10a '6842 .. 53,05 99.9r7f')

Function 10b 7086 ' 59.00 99.981'. 13

Function 11 7990 262.15 99:945,31.

FunctIon 12 _ 1555t 94. -

_____tor. 1___"___24 10.'2 j.;=33-

S...('= (-'==m ,li im , =m • = "• _ •, m ,



P rt..t , a I 1 1- 1 .: L ne -Rep. I a1 : e, , b 1• - 11rit 1 C t• n_..nipt iCn BT F a i I u r e

The averavge r.ui.bc-- r i',f LRLU_' rep 1 a: ed 1,h -En t h? tieS St en a•i 1E i$

:3.06. The st.an d rd dz-I i lt. ionrl ot' this random variable is 1.85.
The di stri but u i on ,f thiz r- a't,-do ni v atr i able I i I I us. rated i n the bel1ow fi gure.
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Number of LRIJ's Replaced at Failure

Numuer Of LRU' .
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Probability Of
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Appendix 6

SCRAPIRONS's Output For Design Configuration # 4



HouCS If HourS Of Hour• Of Hours O"

Cont. rno0a. R Cont inous R Cont i nlOus R Cont 1 ncus
Operati on {i Owrat I on { Operat ion or 2) Operation "

20 99.1 1020 52.6 Z020 18.5 3820 4.0
48 98.2 1848 51.7 2848 18.0 3040 :3.9
68 97.21 1068 58.8 2068 17.5 3860 3.8
80 96.3 10880 50.0 2080 17.1 3880 :3.6

180 95.4 1108 49.1 2188 16.6 3180 3.5
120 94.5 1120 48.3 2128 16.2 3120 :3.4
140 93.5 1148 47.5 2148 15.8 3140 :3.3
160 92.6 1168 46.6 2160 15.3 3160 .3.1
188 91.7 1180 45.8 2188 14.9 3188 :3.8
208 90.7 1200 45.8 2208 14.5 3200 2.9
228 89.8 1220 44.2 2220 14.1 3220 2.8
248 88.9 1248 43.4 2248 13.7 3248 2.7

260 87.9 1260 42.6 2268 13.3 3268 2.6
280 87.0 1280 41.8 2288 13.0 3280 2.5
380 86.0 1380 41.0 2308 12.6 3308 2.4
320 85.1 1320 40.3 2320 12.2 3320 2.4
340 84.2 1340 39.5 2348 11.9 3348 2.3
360 83.2 1360 38.7 2360 11.6 3360 2.2
380 82.3 1388 36.0 2380 11.2 3388 2.1
400 81.3 1400 37.3 2408 10.9 3400 2.8
428 80.4 1420 36.5 2420 10.6 3420 2.8

448 79.4 1440 35.8 2440 10.3 3448 1.9
460 78.5 1460 35.1 2460 1_O.0 3468 1.8
480 77.5 1488 34.4 2488 9.7 3488 1.7
580 76.6 1500 33.7 2508 9.4 3580 1.7
520 75.6 1520 33.8 2520 9.1 3528 1.6
540 74.7 1548 32.3 2540 8.8 3548 1.6
560 73.7 1568 31.7 2560 8.6 3568 1.5
580 72.8 1588 31.8 2580 8.3 3588 1.41
680 71.8 1608 30.3 2600 8.0 3688 1.4
628 70.9 1620 29.7 2620 7.8 3628 1.3
640 69.9 1640 29.1 2640 7.6 3640 1.3
668 69.0 1668 28.4 2660 7.3 3660 1.2
688 68.0 1680 27.8 2688 7.1 3680 1.2
780 67.1 1700 27.2 2700 6.9 3788 1.1
728 66.2 1720 26.6 2720 6.7 3720 1.1
740 65.2 1740 26.0 2748 6.4 3740 L.1
760 64.3 1766 25.5 2760 6.2 3760 1.0
780 63.4 1780 24.9 -;(8' 6.0 3780 1.0
808 62.5 1608 24.3 2880 5.8 3880 .9
826 61.5 1820 23.8 2820 5.7 3828 .9
840 60.6 1848 23.2 2840 5.5 3840 .9
860 59.7 1860 22.7 2860 5.3 3860 .8
888 58.8 1880 22.1 2880 5.1 3888 .8
9001 57.9 1900 21.6 2980 4.9 3988 .8
9281 57.8 1928 21.8 2928 4.8 3920 .7
948 56.1 1940 28.5 2940 4.6 3940 .7
968 55.2 1960 20.0 2960 4.5 3968 .7
980 54.3 1938 19.5 2980 4.3 3980
1000 53.4j 213,,) -19.0 :1000 4.2 4000 .
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System Design Parameter Estimate Summary

System Parameter Point Estimate

Mean-Time-Btween-Fai lure 1234.64 hours

Mean-Time-To-Repair 168.44 Minutes

Line Replaceable Unit Con-
sumption Rate Per Thousand
Hours of Operation 5.73 LRU's

Inherent Availability 99.77 %

Average Number of LRU's
Replaced, Upon System
Failure 2.84

Configuration Analysis Output Summary

The Mean-Time-Between-Failure Predictions Itemized Below Are Ba zed Or, The
Assumtption That No Repair Actions Pre Initiated Prior To Confi.-uratlon

Failure. Upon Failure, The Configuration Is Totally Restored.

Configuration Name MIBF MTTR Inherent
(Hours) (Minutes) Availability

I Function 1 - 8236 487.71 99.91756
Function 2 6936 371.01 99.910393
Function 3 5110 242.72 99.920O0
Function 4 3825 144.33 99.S3714
Function 5 15987 .'7.00 99.99197
Function 6 10336 211.41 99.9.3592
Function 7 6289 114.32 99.96972
Furction 8 5805 64.00 99.98163
Function 9 11240 127.32 99.98112
Function lea *,842 53.00 99.98709
Function 10b 7886 59.00 99.98.S13
Function It 7990 262.15 99.94535
Function 12 10828 94.00 99.98553
Funct'on 13 804jiL.62 99.977j31



Pt,.b ab 1 1I z t 1c Li ne-Relp Ia eab 1 , -Un it Con-urmpt i on at Fal I ure-

The a.,er-,ge n)UmbEr of LRLIs repllaced when the syst.em, fails is
84. The standar-d devi at ion of+ thiis randomn .- ari able is 1. 89.

The distr ibution of' this random ,ar-iable is i 1 .Istrated in the hel.I w f*i,:aur-.
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Number of LRU's Replaced at Failure

Number Of LRU's
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Probability OfI
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ProbabilitV Of
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Appendix 7

SCRAPIRONS's Output For Design Configuration # 5
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C-n t r'cous R e rwt 1rr 1i1 P Cornt k r, e d P Co nt S n .'J

Oper t1:n (2 tprat in --. r) 1: 0perat i on ( 0. PRE r- BL 1 0n

18 98.8 918 47.7 1818 16.s9 718 4.1
36 97.6 936 46.9 1836 16.5 2731 __

54 96.5 954 46.1 1854 16.1 2T54 3.8
72 95.3 972 45.2 1872 15.7 2172 3.7
90 94. 2 9.90 44.4 1890 15.3 2r9U 3 .

108 93.0 1008 43.6 1908, 14.9 21808 3..5,
126 91.. 1026 42.8 1926 14.5 .82t 3.3
144 90.7 1&44 42.1 _1944 14.1 2844 3
162 89.6 1062 41.3 1962 13.8 2862 3.1
180 88.5 1080 40.5 1980 13.4 2880 .A
_198 37.3 1098 39.8 1998 13.1 2898 2.9
216 86.2 1116 39.0 2016 12.7 2916 2.:
234 85.1 1134 38.3 2034 12.4 2934 _ ._

252 84.0 1152 37.6 2052 12.1 2952 2.6
270 82.9 1170 36.8 2070 11.7 2970 2.6
288 81.8 1188 36.1 2088 11.4 2988 2.5
306 80.7 1206 35.4 2106 11.1 3006 2.4
324 79.6 1224 34.7 2124 10.8 3024 2.3
342 78.6 1242 34.1 2142 10.5 3042 2.2
360 77.5 1260 33.4 2160 10.2 3060 2.2
378 76.4 1278 32.7 2178 10.0 3078 2.1

396 75.4 1296 32.1 2196 9.7 3096 2.8
414 74.3 1314 31.4 2214 9.4 3114 1.9
432 73.3 1332 30.8 2232 9.2 3:132 1.9
450 72.2 1350 30.2 2250 8.9 3150 1.8
468 71.2 1368 29.5 2268 8.6 _M69 1.8
486 70.2 1i386 28.9 2286 8.4 1 b6 1.7
504 69.1 1404 28.3 2304 8.2 3204 1.6
522 68.1 1422 27.7 2322 7.9 3222 1.6
540 67.1 1440 27.2 2340 7.7 3240 1.5
558 66.1 1458 26.6 2358 7.5 3258 1.5
576 65.1 1476 26.0 2376 7.3 3276 1.4
594 64.1 1494 25.5 2394 7.1 3294 1.4
612 63.2 1512 24.9 2412 6.9 3312 1.3
630 62.2 1530 24.4 2430 6.6 3330 1.
648 61.2 1548 23.9 2448 6.5 3:348 1.2
666 60.3 1566 23.3 2466 6.3 3366 i. 2
684 59.3 1584 22.8 2484 6.1 3384 1.1
702 58.4 1602 22.3 2502 5.9 3402 1.1
720 57.4 1620 21.8 2520 5.7 3421 1.1
738 56.5 1638 21.3 2538 5.5 41P l .0
756 55.6 1656 20.9 2556 5.4 __456 1.0
774 54.7 1674 20.4 2574 5.2 3474 .9
792 53.:R 1692 19.9 2592 5.1 _ _ 4_2_.
810 52.? 1710 19.5 2610 4.9 --1CO
828 52.0 1728 19.0 2628 4.8 __ 52 .__S
846 51.1 1746 18.6 2646 4.6 .546 .8
864 50.31 1764 18.1 2664 4.5 ?564 .8_
882 49.4 1782 17.7 2682 4.3 35_2 .8
900 48.6 1800 17.3 2700 4.2 _ :___ .7
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Sv-s-t em De s 1 gn P aramet er E_ ti nial e Summ arv

System Parameter Point Estimate

Mean-Ti me-Between-Fai lure 1043. 19 hours

Mean-Time-To-Repair 157.33 Mi rute s

Line Replaceable Unit Con-
sumptor, Rate Per Thouzand
Hours ot" Operation 5.51 LRU's

Inherent Availability 99.75 %

Rverage Number of LRU's
Replaced, Upon System
Failure 2.61

Configjuration Anal ys-s Out put Summary

The Mean-Time-Between-Failure Predictions Itemized Below Are Based On The

Assumption That No Repair Actions Are Initiated Prior To Conf i.guratiori o
Failure. Upon Failure, The Configuration Is Totally Restored.

Confi gur'at i on Name MTBF MTTR Inherent
(Hours) (Minutes) AvailabilitV

(Per,:enr

Function 1 7682 364.49 99.92098

Function 2 6936 371.01 99.91093

Function 3 5110 242.72 '99.920190
Function 4 825 144.33 99.993714

Func t i on 5 10774 35. 00 '?9. 99459

Function 6 8243 144.81 99.97073

Function 7 6289 114.32 99.96972

Function 8 5805 64.00 99.93163 j

Function 9 9497 85.00 99. 98508
Function la 6842 53.00 99.98709
Function lob 7086 59.00 99.98613
Function 11 7990 262.15 99.9'4535
Function 12 1?2 4. 00 9. 5
Fujnct ion 1 3 :.302 110. 6' . 97Th0



Pr-:,•,t,b I 1 1 isI IC Li nrj -P.,p I c. e at, I e-Unl i t I.ong.um:t 1 or, at F Bi 1 ur*.

The averae. nunmiber of LRU's replaced whe.n the system fail is

.6 1. The st iadard devi at ior , *Nf thi -: random variable i s I .S 2.
The distributio.n of this random variable i3 illustrated I.n the telouw 4ý,uri.
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Appendix 3

SCRAPIRONS's Output For Design Configuration # 6
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3 vst enm Re1I i ab i 1 1 t , P r,-E j :i-ri on

HONPs 0i" HoU-ij 0f Hour 1 1:' Hour• Of'
Cont i no0LJ R Cont inOUS R Cc-nt I ious R I-ont i nou R
Oper-at Ion 0 p Operat ion %•) Operat ion (% Operat ion (:

14 98.8 714 51.3 1414 22.3 2114 7.8
28 97.7 728 50.5 1426 21.v 2128 7.7
42 96.5 742 49.8 1442 21.5 2142 7.5
56 95.4 756 49.8 1456 21.1 2156 7.3

78 94.3 778 48.3 1478 28.7 2178 7.1
84 93.2 784 47.6 1484 20.3 2184 7.0
98 92.1 798 46.9 1498 19.9 2198 6.8

112 91.0 812 46.2 1512 19.6 2212 G.6
126 89.9 826 45.5 1526 19.2 2226 6.5
140 88.8 848 44.8 1540 18.8 2240 6.3
154 87.7 854 44.1 1554 18.5 2254 6.2
168 86.6 868 43.4 1568 18.1 2268 6.0
182 85.6 882 42.7 1582 17.8 2282 5.9
096 84.5 896 42.1 1596 17.4 2296 5.7
218 93.5 918 41.4 1618 .1 2318 5.6
224 82.5 924 48.8 1624 16.7 2324 5.4
238 81.4 938 48.1 1638 16.4 2338 5.3
252 28.4 952 39.5 1652 16.1 2352 5.2
266 79.4 966 38.8 1666 15.8 2366 5.1
288 78.4 988 38.2 1680 15.5 2388 4.9
294 77.4 994 37.61 1694 15.2 2394 4.8
308 ?6.4 1888 37.0 1788 14.8 2488 4.7
322 75.5 1822 36.4 1722 14.5 2422 4.6
336 74.5 1836 35.8 1736 14.3 2436 4.4
350 73.5 1858 35.2 1750 14.0 2450 4.3
364 72.6 1864 34.6 1764 13.7 2464 4.2
378 71.6 1078 34.1 1778 13.4 2478 4.1
392 78.7 1892 33.5 1792 13.1 2492 4.8
486 69.8 1106 32.9 1886 12.9 2586 :3.9
420 68.8 1128 32.4 1828 12.6 2528 :3.8
434 67.9 1134 31.8 1834 12.3 2534 :3.7
448 67.8 1148 31.3 1848 12.1 2548 :3.6
462 66.1 1162 38.8 1862 11.8 2562 :3.5
476 65.2 1176 38.3 1876 11.6 2576 3.4
498 64.3 1190 29.7 1890 11.3 2590 :3.3
584 63.5 1204 29.2 1904 11.1 2684 3.3
518 62.6 1218 28.7 1918 18.8 2618 ?.2
532 61.7 1232 28.2 1932 10.6 263-1 3.1
546 68.9 1246 27.7 1946 18.3 2646 3.8
560 68.1 1268 27.2 1968 18.1 2668 2.9
574 59.2 1274 26.8 1974 9.9 '674 2.8
588 58.4 1288 26.3 1988 9.7 2688 2.8
682 57.6 1302 25.8 2082 9.4 2782 2.7
616 56.8 1316 25.4 2816 9.2 2716 2.6
638 55.9 13-38 24.9 2038 9.0 2738 2.6
644 55.1 1344 24.5 2844 8.8 2744 2.5
658 54.4 1358 24.0 2058 8.6 2758 2.4
672 53.6 1372 23.6 2872 8.4 2772 2.3
686 52.8 1386 23.2 2086 8.2 2786 2.3
708 52.8 1400 22.7 2108 8.0 2800 .2.2
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System Design Parameter Es.timate Su.mary.

System Parameter Point Estimate

Mean-Time-Between-Failure ?15.60 hours

Mean-Ti me-To-Repair 145.98 Minutes

Line Replaceable Unit Con-
sumption Rate Per Thousand
Hours of Operation 5.36 LRU's

Inherent Availability 99.73 %

Average Number of LRU's
Replaced, Upon System
Failure 2.41

Configuration Analysis Output Summary

The Mean-Time-Between-Failure Predictions Itemized Below Are Based ,On The
Assumption That No Repair Actions Are Initiated Prior To Cornfsi~guratiorn

Failure. Upon Failure, The Configuration Is TotallV Restored.

Configuration Name MTBF MTTR Inherent
{Hour!} (Minutes) Availabinlt,

(Percent)
Function 1 7005 302.07 99.92818
Function 2 6440 328.86 99.91496
Funct ion 3 5110 242.72 99._92095
Function 4 3825 144.33 99.937'14
Function 5 10774 35.00 99.99459
Function 6 8243 144.81 99.97L375
Function 7 6289 114.32 99.96972
Function 8 5885 64.00 99. 18163
Function 9 9497 85.00 99.98508
Function 1la 6842 53.00 99.98709
Functi .,n l1b 7086 59.00 99. ._:3613
Fi.inct ion 11 7990 262. 15 99. 45
Function i12 5675 47.00 99.98P620
Functi on 13 0824 i10.?2 99.A74"3



Pro.t,-b • Ib 1 st i-: L ne-Rep I aceab I.e-Un it Cons'.nApt-i or, t F.1i Iure

The a-.er3ge nurmber of" LRU'-s replac ed when the SuStem ra~i Is is
2.41. The standard deviation of this ranclom variaLle is 1.58.

The d1-tribution of thiS randon. ,.ariab1e is il1lustrated irn the below figur4.
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2

0 2 3 4 5 6 7 9 9 LO
Number of LRU's Replaced at Fai lure

Numrber Of LRU's --_I

Repl aced 1 2 3 4 5 6 7 8 9 I 10
Probabili ,ty OfOccurrence (%) 39 25 12 9 7 7 0 0 0 0

Probability Of

X or Lej- ;% 39 64 77 86 10 100 100 100 1t0 107,



Appendix 9

SCRAPIRONS's Output For Design Cont'igurati.ir, # 7
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.'ýstem ReI i b I lIt PrEdi ctions

Hours Of Hour-S Of Hou'r' Of Hours •- f
cont inous R Cont inous R Cont I no'is R Cont i nous R

per-a1 on (} pet ion or) Oper't. aon OpEra I onat ip r E - ,(
12 98.4 612 42.8 1212 16.5 1812 5.5
24 96.9 624 42.1 1224 16.2 1824 5.4
36 95.4 636 41.3 1236 15.9 18-36 5.3
48 93.9 648 40.6 1248 15.6 1848 5.1
60 92.4 660 39.9 1260 15.2 1868 5.0
72 90.9 672 39.2 1272 14.9 1872 4.9
84 89.5 684 38.5 1284 14.6 1884 4.8
96 88.1 696 37.8 1296 14.3 1896 4.7

108 86.7 788 37.1 1388 14.8 1988 4.6
128 85.3 720 36.4 1328 13.7 1928 4.5
132 83.9 732 35.8 1332 13.4 1932 4.3
144 82.6 744 35.1 1344 13.2 1944 4.2
156 81.3 756 34.5 1356 12.9 1956 4.1
168 80.0 768 33.9 1368 12.6 1968 4.0
180 78.7 780 33.3 1380 12.4 1980 3.9
192 77.4 792 32.6 1392 12.1 1992 :3.9
204 76.2 804 32.1 1484 11.8 2884 :3.8
216 74.9 816 31.5 1416 11.6 2816 3.7
228 73.7 828 30.9 1428 11.3 2828 :3.6
240 72.5 840 30.3 1448 11.1 2040 3.5
252 71.3 852 29.8 1452 10.9 2052 3.4
264 70.2 864 29.2 1464 10.6 2864 :3.3
276 69.8 876 28.7 1476 10.4 2876 3.2
2881 67.9 888 28.1 1488 18.2 2088 *3.2
3001 66.8 900 27.6 1588 10.8 2100 3.1
3121 65.7 912 27.1 1512 9.7 2112 .3.0
3241 64.6 924 26.6 1524 9.5 2124 2.9
336 63.5 936 26.1 1536 9.3 2136 2.9
348 62.5 948 25.6 1548 9.1 2148 2.8
368 61.4 960 25.1 1560 8.9 2160 2.7
372 60.4 972 24.6 1572 8.7 2172 2.7
384 59.4 984 24.1 1584 8.5 2184 2.6
396 58.4 996 23.7 1596 8.3 2196 2.5
4e8 57.4 1008 23.2 1608 8.2 2208 2.5
428 56.5 1020 22.8 1620 8.0 2220 2.4
432 55.5 1032 22.3 1632 7.8 2232 2.3
444 54.6 1044 21.9 1644 7.6 2244 2.3
456 53.7 1056 21.5 1656 7.5 2256 2.2
468 52.8 1068 21.1 1668 7.3 2268 2.2
480 51.9 1088 20.6 1680 7.1 2280 2.1
492 51.0 1092 20.2 1692 7.8 2292 2.1
504 50.1 1104 19.8 1704 6.8 2304 2.0
516 49.2 1116 19.4 1716 6.6 2316 1.9
528 48.4 11-28 19.1 1728 6.5 2328 1.9
540 47.6 1140 18.7 1748 6.3 2340 1.8
552 46.7 1152 18.3 1752 6.2 2352 1.8
564 45.9 1164 17.9 1764 6.1 2364 1.8
576i 45.1 1176 17.6 1776 5.9 2376 1.7
5881 44.j3 1188 17.2 1788 5.8 2388 1.7
S001 43.61 __ _ 6- 0- 5__ __ _ _ __ _ _ ____4. 1208 16.9 180 5.6 24880 1.6
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3Sst em Dei 1 n P Lr:%net er E~t 1 mat E Si.mtmar,.

System Parameter Point Estimat-

Mean-Time-Between-Fai lure 670.31 hours

Mean-Time-To-Repair 126.08 Minutes

Line Replaceable Unit Con-
sumption Rate Per Thousand
Hours of Overation 5.22 LRU's

Inherent Availabflity 99.69 %

Fiverage Number' or LRU's
Replaced, Upon System
Failure 2.08

Configuration Analysis Output Summary

The Mean-Time-Between-Failure Predictions Itemized Below Are lazed Or, The
Assumption That No Repair Actions Rre Initiated Prior To Corf guration

Failure. Upon Failure, The Configuration Is Totally Res.t'red.

Configurat1 on Name MTBF MTTR Inherent
(Hours) (Minutes) Availability

(Percert}
Function 1 6184 238.29 99.93582
Function 2 5711 287.82 99.91607
Function 3 5110 242.72 99.92090
Function 4 3825 144.33 99.93714
Function 5 10774 35.00 99.99459
Function 6a 9955 61.00 99.98979
Fonction 6b 9765 94.00 99.98:396
Function 7 6289 114.32 99.96972
Function 8 5805 64.00 99.98163
Function 9 9497 85.00 99.98508
Function 10a 6842 53.00 99.9S809
Functrion 1b 7086 59.00 90.98613
Fun:,,n 7990 262.15 99.94535
Fun.:tior, 12 56'5 47.00 99.98620
Funrc t 1 on 1 a, 7092 51.00 99. 983302
Fur.,: i,:,n 13b 7207 45.00 99.98959



Pr- o•. at 1 I i t i: Li nrI-Rep I & •I abI-Uri Cit nC unizni t l az F ail ure

The averaige number otf LRU's replac:ed .her, the system tfai14 is
"08.. The st andard deviation of this random variable is 1,38.

The distribution of this rancom v&ri able iS ilIuIStrated in th.e belonw f igurr.

CIO
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r57r

o 54

b
a
b 48

42

t 39

>' 33

o 27

C 24

C 21
U
r
r 15
e 12

c 9

1 2 3 4 5 6 7 0 9 to
Number of LRU's Replaced at Fai lure

Number Of LRU'$
Repl aced 1 2 3 4 5 6 7 9 1o

Probability Of"
Occurrence M 55 12 11 15 7 0 0 0
Probabi l ity Of'
X or Less ( 55 67 78 93 113 10C 1oo 100 100 100

'4



Appendix 10

SCRAPIRONS's Output For Design Configuration # 8
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H, ur HzfH ur 0 l Hour' 0f H, 0ur fi
0onl 1r IC'.4 • Lrt 1 r .4 C io nt I ,,u! F ::,r't I r'l jD

'Dp r't_.. 1 r'. . . : , *-* • 1o ' -.,

""4 ". 624 35.0 IIo.4 11.3 1824 3 2

36 94. 3 46 :4.. 123 11 1 1 36 3.1
48 9 .5 48 33.6 12 10. 3 1___14q 0

6 90.7 60 32.9 1260 1 0.6 ___18683 2.9
72 86.9 672 32.2 _ 127 10 3 1872 2.8
84 $7..2 -64 31.5 1284 10. 1 13844 .8

9_ C_-5.5 696 30.8 129 9.8 1996 2.7
10- 338 708 30.2 1308 9.6 108 2.
120 82.2 %70 29.5 1320 9.3 1920 2.5
132 80. 732 28 .9 1332 9.1 1932 25
14_4_144 79'.0 744 28.3 1344 8.9 19'944 .2.4
Ss 156 77.5 756 27.7 . _7 1356 8.7 1956 2. 3
168 75.9 768 27.1 1368 8.5 191. 2.3
180 74.5 780 26.5 1380 8.3 1980 2.2

192 73.0 792 25.9 1392 8.1 1992 2.1
204 71.6 804 25.3 1404 7.9 2004 2.1
216 70.2 816 24.8 1416 7.7 2016 2.0
228 68.8 828 24.3 1428 7.5 2028 2.0
240 67.4 $40 23.7 1440 7.3 2040 1.9
252 66 1 852 23.2 1452 7.1 2052 1.9
264 64.8 $64 22.7 1464 6.9 2064 1.9

276 63.5 876 22.2 1476 6.8 2076 1.S

28$ 62.2 3S3 21.7 _i _1488 6.6 2088 1.7

0300 6 1.0 900 Q21.2 5 500 6.4 :180 1.7

312. 59.$ 912 20.8 1512 6.3 112 1 .6
324 58.6 924 20.3 1524 .1 .1 4 1.o
336 57.4 936 19.8 1536 5.9 2136 1.5
34S 56.3 943 19.4 1540 5.8 4148 1.5
360 55.2 60 19.0 1560 .t .2160 1.4
372 54.1 972 18.5 1572 5.5 2172 1.4

384 53.0 984 18.1 1584 5.4 2184 ".4

396 51.9 996 17.7 1596 5.2 2196 1.3
499 50.9 1008 17.3 1608 5.1 220 1. 3
420 49.9 1020 16.9 1620 5.00
4321 4:- .$ 1032" 16.5 1632 4.8 12.
444 47.: 1044 16.2 1644 4.7 2-44 1.4
456 46.Q 1056 15.8 165,-1 - 4.6 2256 1.1
468 45.9 1068 15.4 1668 4. 5 8 1
4$0 45.0 10:30 15.1 16'60 4.4 . 20 i
492 44. 1092 14.7 1 2, 4.2 .1.
504 43 .. 2 1104 14.4 1704 4.1 2304 1.0
516 4 . 3 1116 14.6 171t 4.0 2 16 1 .uj
528 41.4 1128 I ' 13.7 172 :. 23Z8 1.0
5 40 4vi. 1140 13.4 1740 :. '340 _

552 79.7 1152 13.1 175 7 12 3.7
564 38.9 1164 12.8 1764 6 2364 ._
576 381 1176 12.5 1776 3.5 2376 .9
53 8 _ 7. _ 118• 12.2 14 b.8I__ ___ ._
•00 "-.5 1200 -11.9 1 SI : 174 40.
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5._tem Del, z r, Pa• ariet er Est lrmat - .umn r

Susterr. Par a~rleI er Poi1nt Est Imat-4

Mean -T ime-Bet' 'een-Fai l ure 568. 4" hou.r-

Mean-Ti rme-To-RF pair 108.89 Minutes

Line Replaceatle Unit Con-
sumpt ion Rate Per Tho..sand

Hours of" Operation 4.77 LRU's

Inherent Availability 99.68 %

Average Number of LRU's
Replaced, Upon System
Fai lure 1.85

ConfPi.uration Anal y, • Output Sumn..Lry

The Me•_n-Tim.-Bet,.een-ý:a1iur. Predict ons Itemized BeI lowi Fre L .- rr-in ThE_

As-umpt 1 on That Ho Repa r Ficti ons Are Ir it at eci Pr 1 or To 1.,,rnfl gur -t ion
Fai lure. Upo,- Failur-, The Conigurat ion Is Totatl R--tor-d.

Co nfi gur'at ion Na..eI MTBF MTTR inheret

(Hours) <Minutes) FviailabIllt
P Fe^ •r.:e .t ,1

Function t 5022 2 06..' 9 9.9"317_

Funct ion 2 4954 2'24_._____. 5 99.92447
Funct on 51!0 242. 7..1-"'C
Funct ion 4 3825 144.33 . 9...' 3714
Function 5 18774 35.00 '?'.74 ''459
Funct Ion Ga 9955 61.00 '. 4

Func t ion 6b -. 9765 94.0_.__t

Funct i or 7 5 2 3 3 05' 1 . 01) '9.?8

Furc t i or n 8 .. 5815 164.00 .".:1 '74!316_
F.4nc t I on '9 9497 00 -Z. ',;355 -7
Furc t I On 10a 684 Z. . .. :l ':-:7_0'

F_1.__n _ io .: r 1 b ____ ___81___ ___?__0 0__1

Fur,: .t 1 1 a, 17 31 1.00 0 1 1

F u r,: t i ri 1 1 b 8 0-_ 24 .': 0._ 0_'..
Funct ior, 12 5 6 7 47.__O_[ '0'0 '_:_:

Firic , or 1 a 7 _ _ _ _ _

SF,,,,:, L,:r, 1.:b 7_ _7 4_ .._ 0 " ._' "



Fr .- .t. 1 1 i : L 1 r'i -- i:s•P 1 t : I , ab 1 E--1r. tr L 0 riSufit.r, t. i ,.r': n at F a, I u r e

The a-,era-aie ti'arfibi Y-:f LRU 's rep I aced when the systero fai I1
1.35. The s t .nd ird dJe-,- i ,:tin ocf this ran dom variable is 1.19.

ThE di stribut ion of thi s r _,i-dom k..ariAb e is i Iustrat.d ir, the be low f i.guri-
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o 64 -

b 60

b 56

52
1 49

t

> 44

40

f 36

C29
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20

r
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e 8

., 4

1 2 3 4 5 6 7 L 9 to
Number of LRU's Replaced at Fai lure

Number Of LRU's
Replaced 1 2 3 4 5 6 7 a 9 1t3

Probabi I ity Of0
Occurrence. (%, 6' 3 18 15 0 _ 0 0 0 0
Probabi l i ty,! Of

or Le;- E 0¶ 100 1 OCI I I10 1 CIO 100
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e M~r RE I i~b I 1 It. Pt-Ed IC t IOf)

"Hr Ll' O• H,:,ur-u O Ho furs Of H ,.r- Of
1or- t 1 nOLJ R COnt I no u R Cort I nouL p C or)t 1 r,-u C
lperat- 1or) ( I aL rt I con %~ 0 er att ___) Operati1on }

8 98.6 408 43.4 808 16. 2 1208 5.4

16 97.2 416 42.6 816 15.8 1216 5.2
24 95.8 424 41.9 824 15.5 1224 5.1
32 94.5 432 41.1 832 15.2 1232 5.0
40 93.1 440 40.3 840 14.9 1240 4.9
48 91.7 448 39.6 848 14.5 1248 4.8
56 90.4 456 38.9 856 14.2 1256 4.7
64 89.1 464 38.1 864 13.9 1264 4.6
72 87.$ 472 37.4 872 13.6 1272 4.5
80 86.4 480 36.7 880 13.4 1280 4.4
88 85.2 488 36.0 888 13.1 1288 4.3
96 83.9 496 35.4 896 12.8 1296 4.2

104 82.6 504 34.7 904 12.5 1304 4.1
112 81.3 512 34.0 912 12.2 1312 4.0

120 80.1 520 33.4 920 12.0 1320 3.9
128 78.8 528 32.8 928 11.7 1328 :3.8
136 77.6 536 32.1 936 11.5 1336 3.7
144 76.4 544 31.5 944 11.2 1344 :3.6

152 75.2 552 30.9 952 11.0 1352 :3.5
160 74.0 560 30.3 968 10.8 1360 :3.4
168 72.8 568 29.7 968 10.5 1368 :3.4
176 71.7 576 29.2 976 18.3 1376 3.3
184 70.5 584 28.6 984 10.1 1384 3.2
192 69.4 592 28.0 992 9.8 1392 3.1
200 68.3 600 27.5 1000 9.6 1400 3.1
208 67.2 608 26.9 1088 9.4 1408 3.1b
216 66.1 616 26.4 1016 9.2 1416 2.9
224 65.0 624 25.9 1024 9.0 1424 2.9
232 63-9 632 25.4 1032 8.8 1432 2.8
24, 62.8 640 24.9 1040 8.6 1440 2.7
248 61.8 64R 24.4 10481 8.4 1448 2.7
256 60.7 656 23.9 1056 P.2 1456 2.6
264 59.7 664 23.4 1864 8.1 1464 Z.5
272 58.7 672 23.0 1072 7.9 1472 2.5
288 57.7 680 22.5 1080 7.7 1480 2.4
288 56.7 688 22.01 1088 7.51 1488 2.4
296 55.8 696 21.6 1096 7.4 1496 2.3
304 54.8 704 21.2 1104 7.2 1504 2.2
312 53.8 712 20.7 1112 7.1 1512 2.2
320 52.9 720 20.3 1128 6.9 1520 2.1
328 52.0 728 19.9 1128 6.7 1528 2.1
336 51.1 736 19.51 1136 6.6 1536 2.0
344 50.2 744 19.1 1144 6.4 1544 2.0
352 49.3 752 18.7 1152 6.31 1552 1.9
360 48.4 760 18.3 1160 6.2 1560 1.9
368 47.6 768 17.9 1168 6.0 1568 1.9
376 46.7 776 17.6 1176 5.9 1576 1.8
384 45.9 784 17.2 1184 5.? 1584 1.8
392 45.0 792 16.9 1192 5.6 1592 1.7
400 44.2 810 16.5 1210 5.5 1100 1

1,)1
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system Design Parameter- Est niate Summary

System Parameter Point Estimate

Mean-Time-Bet,4een-Fai lure 450.68 hours

Mean-Time-To-Repairr 84.63 Minutes

Line Replaceable Unit Con-
sumption Rate Per Thousand
Hours of Operation 4.29 LRU's

Inherent Availability 99.69 %

Average Number of LRU's
Replaced, Upon System
Failure 1.42

Conf_._•uratioon AnalVsIs Output Summary

The Mean-Time-Betueeo-Fai lure PrediLt ions Iten, ized Below Siri B.:ked 1in The
Assumption That No Repair Rct ion~s Are Initi ated Prior To Con fig.,ration

7ailure. Upon Failure, The Configuration Is Totally Restored.

Con+" iqn,,4 t ion Name MTBF MTTR Inherent [,
{Hours) (Minutes) Avai labi I ity

(Percent)
Function 1 3847 128072 99.94772
Furct ion 2 3062 123.76 99.93268
Function 3 3113 138.21 99.92607
Function 4 2773 101. 11 99.93927
Function 5 10T74 35.00 99.99459
Function 6a 9955 61.06 99.98,979
Function 6b S765 94.00 99.98:3q6
Function 7 5233 51.00 99.98V3r6
Function 8 5805 G4.00 99.9816.3
Function 9 9497 85.00 99.98508
Function 10a 6842 53.08 99.9870;3
Function 10b 7086 59.00 99.9861?
Functi on 11a 8065 53.80 96.18905
Furct ion 11b 8024 82.00 99.198297
Funct ion 12 5675 47.00 9,j._9_8_62,0
FIu.n'c t I .-.r _ I 3a T092 51.00 99.98:302
Funt 1,,r, 13b 17287 45.00 9;. 8959

10 _:



Probabi 1 1 it c Li ne-Rep I aL.: eab e-LIn it Cons.1r4pt m or, t F.ai 1ur. re

The akerage number of' LRU's replaced when the system f'ail s

1.42. The standard deviation• of" this random variable is .49.
The distribution of' his random variable is illustrated in the below figure.
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SCRAPIRONS's Output For Design Configuration #10
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P Ii3Ltb• PEl1 bi 1 itv' Pr'd cti o I

Ho ur5 Iz H.)ur; Of Hours Of Hour- Of
Cont IloUS R Cont 1 lous R COnt Inour R Cont Inous p
Oper at 1on c '8 Operat 1 on ) '-.} lOrerat, 1 o'l %) Operat 10n on

8 96.9 408 19.8 808 4.0 1288 .8
16 93.8 416 19.2 816 3.9 1216 .8
24 90.9 424 18.6 824 3.8 1224 .8
32 88.1 432 18.0 832 3.7 1232 .7
40 85.3 440 17.4 840 3.6 1.240 .7

48 82.6 440 16.9 848 3.4 1248 .7
56 80.1 456 16.3 856 3.3 1256 .7
64 77.6 464 15.8 864 3.2 1264 .7

S72 75.1 472 15.3 872 3.1 1272 .6
80 72.8 480 14.9 880 3.0 1280 .6
"88 70.5 488 14.4 888 2.9 1288 .6
96 68.3 496 13.9 896 2.8 1296 .6

104 66.2 504 13.5 904 2.8 1304 .6
112 64.1 512 13.1 912 2.7 1312 .5
120 62.1 520 12.7 920 2.6 1320 .5

S128 60.1 528 12.3 928 .51328 .5
136 58.3 536 11.9 936 2.4 1336 .5
144 56.41 544 11.5 944 2.4 1344 .5
152 54.7 552 11.2 952 2.3 1352 .5
160 53.0 560 10.8 960 2.2 1360 .5
168 51.3 568 10.5 968 2.1I 1368 .4

176 49.7 576 18.2 976 2.1 1376 .4
184 48.2 584 9.8 984 2.0 1384 .4
192 46.6 592 9.5 992 1.9 1392 .4

200 45.2 600 9.2 1000 1.9 1400 .4
208 43.8 608 8.9 1008 1.8 1408 .4
216 42.4 616 8.7 1016 1.8 1416 .4

224 41.1 624 8.4 1024 1.7 1424 .3
232 39.8 632 8.1 1032 1.7 1432 .3
240 38.6 640 7.9 1040 1.6 - 1440 .3
248 37.3 648 7.6 1048 1.6 1448 .3
256 36.2 656 7.41 1056 1.5 1456 .3
264 35.0 664 7.2 1064 1.5 1464 .3
272 34.0 672 6.9 1872 1.4 _ 1472 .3
280 32.9 680 6.7 1880 1.4 1480 .3
288 31.9 688 6.5 1088 1.3 1488 .__
296 9 696 6.3 1096 1.3 1496 .3
304 29.9 704 6.1 1104 1.2 1504 .3
312 29.8 712 5.9 .1112 1.2 1512 .2
?20 28.1 720 5.7 1120 1.2 1520 .2

320 27.2 728 5.6 1128 1.1 1528 .2

336 26.3 736 5.4 1136 1.1 1536 .2
)44 25.5 744 5.2 1144 1.1 1544 .2

-,C2 24.' 752 5.0 1152 1.0 1552 .2
360. 23.9 760 4.9 1160 1.0 1560 .2
368 23.2 768 4.7 1168 1.0 1568 .2
376 22.5 776 4.6 1176 .9 1576 .2
384 21.8 784 4.4 1184 .9 1584 .2
392 21.1 792 4.3 1192 .9 15921 .2
400, 20.4 800 4.2 1201 .9 1F.00 .

i-I--

-'
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I
(

System Desri gn Parameter E.•t im te S.mrnar,

System Parameter Point Estimate

Mean-Time-Between-Failure 251.79 hours

rMean-Time-To-Repait- 60.08 Minutes

Lire Replaceable Unit Con-
sumpt:on Rate Per Thousand

Hours of Operation $.97 LRU's

Inherent Availability 99.60 %.

Average Number of LRU's
Replaced, Upon System
Fai lure IP

Configurat ion Anal .-" ;s Output Stjhnmar y

Tht Mean-Ti me -Petween-Fai lure Predictions Item i zed Bel ow Are Ba-, Or T
A-zskjmption That No Repair Actions Are Initiated Prior To Confi .kirat :Ir

Failure. Upon Failure, The Conf'i guration Is TotallV Restor.:d.

Con.iguration Name MTBF MTTR Inherent
(Hours) (Minutes) Availability

t~ercent)

Function la 4608 68.00 99.97541
Function lb 4717 53.00 99.98128

=Function 2a 5128 61.00 99.98018

Function 2b 5516 613.00 99.98097
Function 2c 5428 52.00 99.98404
Function 3a 7044 91.00 99.9Th 47
Function 3b 6819 ?5.00 99.98167

Function 3c 7631 13.00 99.99Z79
Function 3d 6609 89.00 99.97756
Function 4a 732e 47.e0 99.92930
Function 4b -. _766 51.00 99.98674_I
Function 4c 97475 71.00 S9.98416

SFunct ion 4d 7789 54.00 99.98919
Funecti on 4e 905-1 365.00 993. 9 9 2 i

Function 5 10774 35.00 99.99459
Function 6a 9955 . 61.00 99.98979
Function 6'" 9708! 94.00 99._98_3_96
Function 7 5035 51.00 99.98376
Function 8 5805 64.?0 99.9816_.
Fur, t i on 9 - 949 8507 . '5.9. 99.9 9 0;3
Function 10a 1842 53.00 99..' :7 09

Fu1,,: t i onr,.. 10t 7 8 59.00 9 ._3 @'. -;Func trion Ila 806, 513. CI 99. 98-85
Funk. t ionr, 1t, 80214 82.00• 99. 9 82 97

SFuic t ionr 12' 056 -15 47,'.00 '99. 98620
Fun, ct i o-ri 13-a 0 ':1- 0" 25{ 9.m 98:3, 2

F 1.,nc t i r, r. 13t b2 " 5 0rg•"' •5•



!

F -obab 1I st, i,: Li n--Re pIac-;-ab1-Un1t ConsumnptIon at Fa I •4ur

The a.,r age number- of LRU ' s r-epi aced w'hen the system FaLi I is
)Q.O. Thc- standard deviation of" this random variable is 0. 0.

1.-E d t Z -i bjt 1 on of t hi s random n ari ab I e 1s i 1 ust rat ed in the b e 1,', f 1 ur i

I D5

9 51 00

50

B5-

60-

65

S0 -

55-

50-

45 -

40 -

30

25

5-

0 1 2 3 4 5 6 7 9 1 0
Number o4ý LRU's Replaced at Fai lure

humber Of LRU'$
Rep~laced 1 2 S14 15 6 7 9 9 16

Probabi litV OfOccurren:e (M.} oo 0 0 0 0 0 0 0 I
Probability Of 6-0{

or Le-- % 0 0 6 1Lto 13 CI0 100 100 103 100 100

I 1'3



Appm.ndix 13

Summary LOCRM Output For The Ten Designs
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Ari sak i AMSMI -OR-SA Date : 2- 118- :

System MN a ntit -anc e S'.pport C,:,st s Specified In DCA-P-92: R Format

DeSi.;n #1 Case Total s - Costs Are Stated in Thousands of Do 1 1 lrs
El ement Cost E emeret Descri pt ifon Est i mated Percentage

hzumber Cost
S1.0 DEVELOPMENT XXXXXXXXXX XXXXXX:2XXX
1.011 ENGINEERING 0.00 100.00

i>TOTAL< ............ ..................................... 0.00 100.00
2.0 PRODUCTION XXXXXXXXXX XXXXXXXXXX
2.811 INITIAL PRODUCTION FACILITIES <UPF) 30.78 1.83
2.021 MANUFACTURING 215.47 12.78
2.022 RECURRING ENGINEERING 61.56 3.65
2.04 DATA 31.20 1.85
2.07 IN:TIPL SPARES 1347.48 79.90

>TOTAL< ........................................................ 1686.50 100.00
3.0 MILITARY CONSTRUCTION XXXXXXXXXX XXXXXXXXXX

>TOTAL< . ........... . ............................. 0.00 8.00
4.0 FIELDING XXXXXXXXXX xxxxxxxXxx
4 01 SYSTEM TESTING AND EVALUATION 0.00 0.00
4.02 TRAINING SERVICES AND EQUIPMENT 8.00 0.00
4.03 TRANSPORTATION 2.73 100.00
4.04 INITIAL REPAIR PARTS 0.00 0.00
4.05 SYSTEM SPECIFIC BASE OPERATING SUPPORT 0.00 0.00
4.06 OTHER O&M FUNDED FIELDING 0.00 0.00

>TOTAL< ............................................................ 2.73 100.00
5.0 SUSTAINMENT XXXXXXXXXX XXXXXXXXXX
5.01 REPLENISHMENT XXXXXXXXXX XXXXXXXXXX
5.011 REPLENISHMENT REPAIR PARTS 0.00 0.00
5.012 REPLENISHMENT SPARES 469.16 2.25
5.013 WAR RESERVE REPAIR PARTS 0.00 0.00
5.014 WAR RESERVE SPARES 0.00 0.00
5.02 PETROLEUM, OILS AND LUBRICANTS (POL) 0.00 0.00
5.03 AMMUNITION XXXXXXXXXX XXXXXXXXX
5.031 TRAINING AMMUNITION/MISSILES 0.00 0.00
5.032 WAR RESERVE AMMUNITION/MISSILES 0.00 0.00
5.04 DEPOT MAINTENANCE XXXXxXXXXX If"XxxXXXX
5.841 CIVILIAN LABOR 889.79 4.27
5.042 MATERIEL (OM) 45 .00
5.043 MATERIEL (PROC) 4.05 .02
5.044 SUPPORT ACTIVITY 0.00 0.00
5,05 FIELD MAINTENANCE CIVILIAN LABOR 0.00 0.00
5.06 TRANSPORTATION 674.51 3.23
5.87 SYSTEM SPECIFIC REPLACEMENT TRAINING SERVICES XXXYXXXXXX XXXXXXXXXX
5.071 AMMUNITION/MISSILESrEQUIPMENT 278.47 1.34
5.072 SERVICES 30.94 .15
5.08 MILITARY PERSONNEL XXXXXXXX'",,X xxxXI,,Xx•x
5.081 CREW PAY AND ALLOWANCES 0.00 0.00
5.082 MAINTENANCE PAY AND ALLOWANCES 945.61 4.53
5,083 SYSTEM SPECIFIC SUPPORT PAY AND ALLOWANCES 0.00 0.00
5.084 TRAINEE/TRAINER PAY AND ALLOWANCES 0.00 0.00
5.085 SYSTEM PROJECT MANAGEMENT PAY AND ALLOWANCES 0.00 0.00
5.086 PEPMANENT CHANGE OF STATION (PCS> 0.00 0.@0
5.087 OTHER lPA FUNDED SUSTAINMENT .0 0.00
5.09 SYSTEM PROJECT MANAGEMENT CIVILIANS C1.00 0.00
5.10 MODIFICATION/KITS 0.00 0.00
5.11 OTHER SUSTAINMENT - X: "' ::XXX
5 11 1 OTHER O&M'l SUSTAI NI IG FUNDED 27.03 .13
5.4112 OTHEP PPOCUREMENT FUNDED SUSTAINING 17537.47 84.08
/ -T O T A L . . . . ' . . . .... . . . . . ......... . . .•020 8 5 7 . 4 7 1 0 0 .0 0

> TOTAL LIFE CYCLE COST 22546.71 _______*_
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Ank ysi 5 s1M: NMSTI -OK-S A f a t e: 2'-1lI*S S

System Mai nt enanc e Support Costs Spec ,'ed In DCA-P-92kR, Format
Delign 2 Case Totals - Costs Are Stated in Thousand; of Dollars.

E1em-nt Cost Element Description Estimated Percentage
Number I Cost
1.0 DEVELOPMENT - XXXXXXXXXX XXXXXXXXXX
1.011 ENGINEERING 0.00 100.00

>TOTAL< .........................................' ..... 0.00 100.00
2.0 PRODUCTION XXXXXXXXXX XXXXXXXXXX
2.011 INITIAL PRODUCTION FACILITIES (IFF) 29.66 1.79
2.021 MANUFACTURING 207.65 12.53
2.022 RECURRING ENGINEERING 59.33 3.58
2.04 DATA 30.00 1.81
2.07 INITIAL SPARES 1331.15 80.30

>TOTAL< ........................................................... 1657.79 100.06
3.0 MILITARY CONSTRUCTION XXXXXXXXXX XXXXXXXXXX

>TOTAL< ............................................... 0.00 1.00
4.0 FIELDING XXXXXXXXXX XXXXXXXXXX
4.01 SYSTEM TESTING AND EVALUATION 0.00 0.00
4.02 I TRAINING SERVICES AND EQUIPMENT 0.00 0.00
4.03 TRANSPORTATION 2.86 100.00
4.04 INITIAL REPAIR PARTS 0.00 0.03
4.05 SYSTEM SPECIFIC BASE OPERATING SUPPORT 0.08 0.00
4.06 OTHER O&M FUNDED FIELDING 0.00 0.00

>TOTAL< ............................................................ 2.86 100.00
5.0 SUSTAINMEHF XXXXXXXXXX XXXXXXXXXX
5.01 REPLENISHMENT XXXXXXXXXX XXXXXXXXXX
5.011 REPLENISHMENT REPAIR PARTS 0.08 0.00
5.012 REPLENISHMENT SPARES 477.781 2.34
5.013 WAR RESERVE REPAIR PARTS 0.001 0.00
5.014 WAR RESERVE SPARES 0.00 0.00
5.02 PETROLEUM, OILS AND LUBRICANTS (POL) 0.00 0.00
5.03 AMMUNITION XXXXXXXXXX XXXXXXXXXX
5.031 TRAINING AMMUNITION/MISSILES 0.00 0.00
5.032 WAR RESERVE RMMUNITION/MISSILES 0.00 0.00
5.04 DEPOT MAINTENANCE XXXXXXXXXX XXXNXXXXXX
5.041 CIVILIAN LABOR 857.48 4.20
5.042 MATERIEL (1M) .43 .00
5.043 MATERIEL (PROC) 3.91 .02
5.044 SUPPORT ACTIVITY 0.00 0.00
5.05 FIELD MAINTENANCE CIVILIAN LABOR 0.00 0.00
5.06 TRANSPORTATION 708.30 3.47
5.07 SYSTEM SPECIFIC kEPLACEMENT TRAINING SEPVICES XXXXXXXXXX XXXXxXXXXX::
5.071 AMMUNITION/MISSILES/EQUIPMENT 254.38 1.24
5.072 SERVICES 28.26 .14
5.08 MILITARY PERSONNEL XXXXXXXXXX XX:::: XXX:Xx:
5.081 CREW PAY AND ALLOWANCES 0.00 0.00
5.082 MAINTENANCE PAY AND ALLOWANCES 855.80 4.19
5.083 SYSTEM SPECIFIC SUPPORT PAY AND ALLOWANCES 0.00 0.00
5.084 TRAINEE/TRAINER PAY AND ALLOWANCES 0.00 0.00
5.085 SYSTEM PROJECT MANAGEMENT PAY AND ALLO1ANCES 0.00 0.00
5.086 PERMANENT CHANGE OF STATION (PCS) 0.00 '3.60
5.087 OTHER MPA FUNDED SUSTAINMENT 0.00 0.00
5.09 SYSTEM PROJECT MANAGEMENT CIVILIANS 0.00 0.01
5.10 MODIFICATION/KITS 0.00 0.00
5.11 OTHER SUSTAINMENT x x x;x:11%, 1 ý ' X::.::ýx•:X.:
5.111 OTHER O&M SUISTAINING FUNDED 26.05 1,
5.112 OTHER PROCUREMENT FUNDED SUSTR1I'IJG 17224.:37 S4.28

>TOTAL< ........... ................................. :0437.28 100.00
***>** ; TOTAL LIFE CYCLE C2,r 209?.?2 *29***42



Anilysls: AMSMI-OR-SA Date: 2/11"38

System Malinianance Support Costs Specified In DCA-P-92(R) Format
Desi gn 3 Case Totals - Costs Are Stated in Thousands of Dollars

Element Cost Element Description EstimatedlPercentage
Number Cost

1.0 DEVELOPMENT XXXXXXXXXX XXXXXXX>XX
1.011 ENGINEERING 0.00 100.C0

>TOTFIL< ............. .................................. . 0.00 100.00
2.0 PRODLCTIJN XXXXXXXXXX XXXXXXXXXX
2.011 INITIAL PRODUCTION FACILITIES (IPF) 29.17 1.93
2.021 MANUFACTURING 204.18 13.49
2.022 RECURRING ENGINEERING 58.34 3.85
2.A4 DATA 28.80 1.90
2.07 INITIAL SPARES 1193.53 78.83

>TOTRL' . ......................................... ...... 1514.03 100.00
3.0 MILITARY CONSTRUCTION XXXXXXXXXX XXXXXXXXXX

>TOTAL< ................... .......... ............. 00 0.00
4.0 FIELDING XXXXXxXXXX XXXXXXXXXX
4.01 SYSTEM TESTING AND EVALUATION 0.00 0.00
4.02 TRAINING SERVICES AND EQUIPMENT 0.00 0.00
4.03 TRANSPORTATION 2.17 100.00
4.04 INITIAL REPAIR PARTS 0.00 0.00
4.05 SYSTEM SPECIFIC BASE OPCRATINC SUPPORT 0.00 0.00
4.06 OTHER O&M FUNDED FIELDING 0.00 0.00

>TOTAL< ... ............................................. 2.17 100.00
1.0 SUSTAINMENT XXXXXXXxXX XXXXXXXX•x
5.01 REPLENISHMENT XXXXXXXXXX XXXXXXXXxx
5.011 REPLENISHMENT REPAIR PARTS 0.00 0.00
5.0.2 REPLENISHMENT SPARES 386.60 2.14
5.013 WAR RESERVE REPAIR PARRS 0.00 0.00
5 014 WAR RESERVE SPARES 0-00 0.00
5.02 I PETROLEUM, OILS AND LUBRICANTS (POL) 0.00 0.00
5.03 AMMIJNITION XXXXXXXXXX X>•XXXXXXXx
5.031 TRAININC RMMUNITION/MISSILES 0.00 0.00
5.032 WAR RESERVE AMMUNITION/MISSILES 0.00 0.00
5.04 DEPOT MA!NTENRNCE XXXXXXXXXX XYXXXXXXXX
5.041 CIVILIAH LABOR 343.17 4.67
5.042 MATERIEL (OM) .43 .00
5,043 MATERIEL (PROC) 3.84 .02
5.044 SUPPORT ACTIVITY 0.00 0.00
5.05 FIELD MAINTENANCE CIVILIAN LREOP 0.00 0.00
5.06 TRANSPORTATION 534.54 2.96
5.07 SYSTEM SPECIFIC REPLACEMENT TRAINING SERVICES XX×XXXXXXX XXXXXXXXXX
5.071 ArMUINITION/MISSILES/E')UIPrMEHT 225.33 1.25
5.072 SERVICES 25.04 .14
5.08 MILITARY PERSONNEL XXXXXXXXX XXX:<XX'XXX
5.881 CPEW PAY AND ALLOWANCES 0.00 0.00
5.082 MAINTENANCE PAY AND ALLOWANC:ES 743.03 4.12
93.83 SYSTEM SPECIFIC SUPPORT PAY AND ALLOWANCE3 0.00 0.00
5,084 TRAINEE/'TRAINER PARY AHt. ALLOWANCES 0.00 0.00
5.085 SYSTEM PROJECT MANAGEMENT PAY AND ALLOW.JANCE`', 0.00 0.00
5.086 PERMANENT CHANGE OF STATION (PC$ 0.00 0.00
5. 0:37 OTHER MPH FUNDED SUSTRINMENT 0.0 9.0e
5Oq SYS.TEM PROJECT MANAGEMENT CI/IL IRN$S 0.00 0
5.10 MODIFICATION/KITS 0.00 0.00
.J. 1 OTHER SIJSTAINMENr X; :VXXXX. XX;:X:":•:";':-:
5.111 OTHER 0&1-1 SIj 5 TAItIIIIG FUNDED 25.61 .14

~.112 OTHER PROCUkPEMENT FUNDED "U.TA•TING .4, .... ...HERIIII 15261.54 84.51S

/TOTAL .. ......................................... ...... 18049 13 100.0 0i
•-***•*fTOTAI. LIFE CYCLE I.T 19565.33 ********+.



Ar',l.,ysis: AIMSMI-IJR-SA Date: .- 12.8:

System Maintenance Support Costs Spec:ified In DCA-P-92(R) Format
Design 4 Case Totals - Costs Are Stated in Thousands of Do I 1 ars

Element Cost Element Description Estimated Percentage
Number Cost

1.0 DEVELOPMENT XXXXXXXXXX xxxxxxxxx
1.011 ENGINEERING 0.00 100.00

>TOTAL< . .............................................. 8 .00 106.00
2.0 PRODUCTION xxxxxxxx XXXXXXXXXX
2.011 INITIAL PRODUCTION FACILITIES (IPF) 29.31 1.92
2.021 MANUFACTURING 205.15 13.42
2.021 RECURRING ENGINEERING 58.61 3.84
2.04 DATA 28.80 1.88
2.07 INITIAL SPARES 1206.51 78.94
>TOTAL< ............... ............................... ................. 1528.38 100.00
3.0 MILITARY CONSTRUCTION XXXXXXXXXX XXXXXXXXXX

>TOTAL< ............................................... 0.00 0.00
4.9 FIELDING XXXXXXXXXX XXXXXXXXXX
4.01 SYSTEM TESTING AND EVALUATION 0.00 0.r0
4.02 TRAINING SERVICES AND EQUIPMENT 0.00 0.00
4.03 TRANSPORTATION 2.17 100.00
4.04 INITIAL REPAIR PARTS 0.00 0.00
4.05 SYSTEM SPECIFIC BASE OPERATING %3UPPORT 0.00 0.00
4.06 OTHER O&M FUNDED FIELDING 0.00 0.00

>TOTAL<I . ............................................. 2.17 100.00
5.0 SUSTAINMENT XXXXXXXXXX XX>XXXX<"XX
5.01 REPLENI3HMENT XXXXXXXXXX X.,,,,x-X'.xxx
5.011 REPLENISHMENT REPAIR PARTS 0.00 0.00
5.012 REPLENISHMENT SPARES 386.60 2.16
5.013 WAR RESERVE REPAIR PARTS 0.0 0.00
5.014 WAR RESERVE SPARES 0.00 0.00
5.02 PETROLEUM, OI.0S AND LUBRICANTS (POL) 0.00 0.00
5,03 AMMUNITION XXXXXXXXXX XXX<XXXXXXX
5.031 TRAINING AMMUNITION/MISSILES 0.00 0.00
5.032 WAR RESERVE AMMUNITION/MISSILES 0.00 0.00
5.04 DEPOT MAINTENANCE XXXXXXXXXX XXXX7'`X':ý
5.041 CIVILIAK LABOR 847.15 4.70
5.042 MATERIEL (011) .43 .00
5.0-13 MATERIEL (PROC) 3.86 .02
5.044 1UPPORT ACTIVITY 0.00 0.00
5.05 FIELD MAINTENANCE CIVILIAN LABOR 0.00 0.00
5.06 TRANSPORTATION 534.08 2.97
3.07 SYSTEM SPECIFIC REPLACEMENT TRAINING SERVICES XXXXXXXXXX >XX<XX>',2XX

5.071 AMMUNITION/MISSLES/EOIJIPMEIJT 216.19 1.29
5,072 SERVICES 24.02 .13
5.88 0 MILITARY PERSONNEL XXXXXXXXXX X X:<;XX X:XX
5.081 CREW PAY AND ALLOWANCES 0.00 0.00
5.082 MAINTENANCE PAY AND ALLOWANCES 706.03 3.92
5.083 SYSTEM SPECIFIC SUPPORT PA,' ANt' ALLOWANCES 0.00 0.C0
5.084 TRAINEE/TRF.INER PAY AHD AL.LOWAmCES 0.00 0.00
5.085 SYSTEM PROJECT MANAGEMENT PAY AND ALLOWANCES 0.00 0.00
5.086 PERMANENT CHANGE OF STATION (Pl,:) 0.08 0.00
5.087 OTHER MPA FUNDED SUJSTAINMENT 0.00 0.00
15.09 SYSTEM PROJECT MANAGEMEwt CI'VILIAHNS 0.001 0.00
5.10 MODIFICATION/KITS 0.00 0.00
5.11 OTHEP SUSTAINMENT XxxXx XX
5.111 iJTN4FR O&M SUSTAININiG FUIfrED 25.73 .14
5. 112 OTHER PROCUREMENT FlitDED 1U$TAINIH 1526". 7 ; 34.-.'5

,-TOTAL ............. ............... ................... 18 09 84 100 00
> TOTAL LIFE CYCLE ,:;r - _.f 19540.3? -....?....
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Anal aS is : AMSMI -OM-S Date: 2"1 .- .ADS

SVstem Maintenance Support Costs Speci'fied In DCA-P-92(') Format
Desi n 5 '.lae• Totals - Costs Are Stated in Thousands of' Dol 1 ars

Element Cost Ele-ment Description Estimated[Percent a•ge
Number Cost

1.0 DEVELOPMENT XXXXXXXXXX xxxxxxxXXX
1.01i ENGINEERING 0.00 100.00

>TOTAL< ........................................................ 0.00 100.00
2.0 PRODUCTION XXXXXXXXXX xxxxxxxxxx
2.011 INITIAL PRODUCTION FACILITIES (IPF) 28.18 1.96
2.021 MANUFACTURING 197.23 13.72
2.022 RECURRING ENGINEERING 56.35 3.92
2.04 DATA 27.60 1.92
2.07 INITIAL SPARES 1128.70 78.49

>TOTAL< ................................. ...................... 1438.05 100.00
3.0 MILITARY CONSTRUCTION XXXXXXXXXX XXXXXXXXXX

>TOTAL< ......................................................... 0.00 0.00
4.0 FIELDING xxxxxxxxxx xxxxxxxxxX
4.01 SYSTEM TESTING AND EVALUATION 0.00 0.00
4.02 TRAINING SERVICES AND EQUIPMENT 0.00 0.00
4.03 TRANSPORTATION 2.09 100.00
4.04 INITIAL REPAIR PARTS 0.00 0.00
4.05 SYSTEM SPECIFIC BASE OPERATING SUPPORT 0.00 0.00
4.06 OTHER O&M FUNDED FIELDING 0.00 0.00

>TOTAL< ... ............................................ 2.09 100.00
5.0 SUSTAINMENT xxxxxxxxxx xxxxxxxxxx
5.01 REPLENISHMENT xxxxxxxxxx xxxxxxxxxx
5.011 REPLENISHMENT REPAIR PARTS 0.00 0.00
5.012 REPLENISHMENr SPARES 368.35 2.12
5.013 WAR RESERVE REPAIR PARTS 0.00 0.00
5.014 WAR RESERVE SPARES 0.00 0.00
5.02 PETROLEUM, OILS AND LUBRICANTS (POL) 0.00 0.00
5.03 AMMUNITION XXXXXXXXXX XXXXXXXXXX
5.f31 TRAINING AMMUNLTION'MISSILES 0.00 0.00
5.032 WAR RESERVE AMMUNITION/MISSILES 0.00 0.00
5.04 DEPOT MAINTENANCE XX;',XXXXXXX xxxxxxxxxx
5.041 CIVILIAN LABOR 814.45 4.68
5.042 MATERIEL (OM) .41 .00
5.043 MATERIEL (PROC, 3.71 .02
5.044 SUPPORT ACTIVITY 0.00 0.00
5.05 FIELD MAINTENANCE CIVILIAN LABOR 0.00 0.00
5.06 TRANSPORTATION 515.37 2.96
5.07 SYSTEM SPECIFIC PEPLACEMENT TRAINING SERVICES <XXXXXXXXX XXXXXXXXXX
5.071 AMMUNITION/MISSILES/EQUIPMENT 198.42 1.14
5.072 SERVICES 22.05 .13
5.08 MILITARY PERSONNEL X;<:,XXXXXXX ý:K xx Ixf;<.x
5.081 CREW PAY AND ALLOWANCES 0.00 0.00
5.082 MAINTENANCE PAY AND ALLOWANCES 641.35 3.68
5.083 SYSTEM SPECIFIC SUPPORT PAY AND AR.LOWANCES 0.00 0.00
5.084 TRAINEE/tRAINEP PAY AND ALLOWANCES 0.00 0.00
5.085 SYSTEM PROJECT MANAGEMENT PAY RND ALLOWANCE; 0.00 0.00
5.086 PERMANENT CHANGE OF STATION (PCS) 0.00 0.00
5.087 OTHER MPA FUNDED SUSTAINMENT -3.00 0.00
5.09 SYSTEM PROJECT MANAGEMENT CIVILIANS 0.00 '3.00
5.10 MODIFI:ATION/KNIT., 0.00 0.00
5. 11 OTHER SUSTAINMENT X:.:::<.>:xx;; > ?XXXX /.X
5.111 OTHER O&M SUSTAINING FUNDED 24.74 .14
5.112 OTHER PROCUREMENT FUNDED SUSTAINING 14*.115.57 85. 13
~TOTAL' ....................................... ......... 17404,.43 100.00

******* > TOTAL LIFE CYC(LE I'':T 18844.57 '•4*44444
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9nklysis: AMSMI-OR-SA Date: 2/12.'8:3

Syster Ma intenance Support Costs Specified In DCA-P--92(R) Format
Desi n 6 Case Totals - Costs Are Stated in Thousands of Dollars

Element Cost Ele-ment Description Estimated Percentage
Number Cost

1.8 DEVELOPMENT XXXXXXXXXX xxxxxxxxxx
1.011 ENGINEERING 0.00 100.00

>TOTAL< ............. ........................................ .. . 0.00 100.00
2.0 PRODUCTION XXXXXXXXXX XXXXXXXXXX
2.011 INITIAL PRODUCTION FACILITIES (IPF) 27.39 1.97
2.021 MANUFACTURING 191.75 13.79
2.022 RECURRING ENGINEERING 54.79 3.94
2.04 DATA 25.20 1.81
2.07 INITIAL SPARES 1091.22 78.49

>TOTAL< ...... ............................ 1393.35 100.00
3.0 MILITARY CONSTRUCTION xxxxxxxxxx xxxxxxxxxx

>TOTAL< ............................................... 0.00 0.00
4.0 FIELDING XXXXXXXXXX'XXXXXXXXXx
4.01 SYSTEM TESTING AND CVALUATION 0.00 0.00
4.02 TRAINING SERVICES AND EQUIPMENT 0.00 3.00
4.03 TRANSPORTATION 2.04 100.00
4.04 INITIAL REPAIR PARTS 0.00 0.00
4.05 SYSTEM SPECIFIC BASE OPERATING SUPPORT 0.00 0.00
4.06 OTHER O&M FUNDED FIELDING 0.00 0.00

>TOTAL< ............................................... 2.04 100.00
5.0 SUSTAINMENT XXXXXXXXXX XXXXXXXXXX
5.01 REPLENISHMENT XXXXXXXXXX XXXXXXXXXX
5.011 REPLENISHMENT REPAIR PARTS 0.00 0.00
9.012 REPLENISHMENT SPARES 355.03 2.16
5.013 WAR RESERVE REPAIR PARTS 0.00 0.00
5.014 WAR RESERVE SPARES 0.00 0.00
5.02 PETROLEUM, OILS AND LUBRICANTS (POL) 0.00 0.00
5.03 AMMUNITION XXXXXXXXXX XXXXXXXXXX
5.031 TPAINING AMr1UNITION/MISSILES 0.00 0.00
5.032 WAR RESERVE AMMUNITION/MISSILES 0.00 0.00
5.04 DEPOT MAINTENANCE XXXXXXXXXX XxxXXXXXxX
5.041 CIVILIAN LABOR 791.82 4.82
5.042 MATERIEL <OM) .40 .00
5.043 MATERIEL (PROC) 3.61 .02
5.044 SUPPORT ACTIVITY 0.00 0.00
5.05 FIELD MAINTENANCE CIVILIAN LABOR 0.00 0.00
5.06 TRANSPORTATION 503.56 3.07
5.07 SYSTEM SPECIFIC REPLACEMENT TRAINING SERVICES XXXXXXXXXX XXXXXXXZXX
5.07! AMMUNITION/MISSILES/EQUIPMENT 183.54 1.12
5.072 SERVICES 20.39 .12
5.08 MILITARY PERSONNEL xxxxxxxxXX XXXXXXXXXX
5.08e CREW PAY AND ALLOWANCES 0.00 0.00
5.082 MAINTENANCE PAY AND ALLOWANCES 186.36 3.57
5.083 SYSTEM SPECIFIC SUPPORT PAY AND ALLOWANCES 0.00 0.00
5.084 TRAINEE/TRAINER PAY AND ALLOWANCES e.00 0.00
5.085 SYSTEM PROJECT MANAGEMENT PAY AND ALLOWANCES 0.00 0.00
5.086 PERMANENT CHANGE OF STRTION (PCS) 0.00 0.00
5.087 OTHER MPA FUNDED SIJSTAINMETr 0.00 0.00
5.09 SYSTEM PROJECT MHNAGEMENT CIVILIANS 0.00 0.80
5.10 MODIFLCATION/KITS 0.00 0.00
5.11 OTHER SUSTAIhMENT XX;XXXXXXXx XXXXXx;t'?x:<
5.111 OTHER O&M SUSTAINING FUNDED 24.05 .15
5.112 OTHEP PROCUREMENT FUNDED SUSTAINING 13951.93 84.97

>TOTRL< ....... ........ ..... ............................ 16420.71 100.00
*''4**4 TOTAL LIFE CYCLE COST 17813.10 ******4
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Air l ELI I I: ARMISM I 'i-A D ate: .2 12'3

S ste 'l 3 I nt ena cE Suppor-t- o o rt s Specified It, DCR-F -92(R) Format
De si r, 7 Cse Tot&ls - Costs Are St ted in Thousands o-" Dc. l 1 rs

Element Cost ElEment Descript ion Estimated Percentage
Number U Cost

1.0 DEVELOPMENT XXXXXXXXXX XXXXXXXXXX
1.011 ENGINEERING 0.00 100,00

>TOTAL(< ................................................ ...... 0 00 100.00
2.0- PRODUCTION XXXXXXXXXX XXXXXXXXXX
2.011 INITIAL PRODUCTION FACILITIES (IPF) 26.72 1.94
2.821 MANUFACTURING 187.02 13.55
2.022 RECURRING ENCINEERING 53.43 3.87
2.04 DATA 22.80 1.6S
2.07 INITIAL SPARES 1090.34 78.99

>TOTAL< ................................................ 1380.30 100.00
3.0 MILITARY CONSTRUCTION XXXXXXXXXX >xXXXXXXXXx

>TOTAL< ......................................................... ... 0.0c 0.00
4.0 FIELDING XXXXXXXXXX XXXXXXXYXX
4.01 SYSTEM TESTING AND EVALUATION 0.00 0.00
4.02 TRAINING SERVICES AND EQUIPMENT 0.00 0.00
4.03 TRANSPORTATION 2.03 100.00
4.04 INITIAL REPAIR PARTS 0.00 0.00
4.05 SYSTEM SPECIFIC BASE OPERATING SUPPORT 0.00 0.00
4.06 OTHER O&M FUNDED FIELDING 0.00 0.00

>TOTAL< ...... ....................... ................ 2.03 100.00
5.0 SUSTAINMENT XXXXXXXXXX XXXXXXXXX
5.01 REPLENISHMENT XXXXXXXXXX XXXXXYXXXX
5.011 REPLENISHMENT REPAIR PARIS 0.00 0.00
5.012 REPLENISHMENT SPARES 354.27 2.38
5.013 WAR RESERVE REPAIR PARTS 0.00 0.00
5.014 WAR RESERVE SPARES 0.00 0.00
.3.02 PETROLEUM, OILS AND LUBRICANTS (POL) 0.00 0.00
5.03 AMMUNITION XXXXXXXXXX XXXXXXXXXX
5.031 TRAINING AMMUNITIOI/MISSILES 0.00 0.00
5.032 WAR RESERVE AMMUNITION/MISSILES 0.00 0.00
5.04 DEPOT MAINTENANCE XXXXXXXXXX XXX<XXx>XX
5.041 CIVILIAN LABOR 772.28 5.19
5.042 MATERIEL (OM) .39 .00
5.043 MATERIEL (PROC) 3.52 .02
5.044 SUPPORT ACTIVITY 0.00 0.00
5.05 FIELD MAINTENANCE CIVILIAN LABOR 0.00 0.00
5.06 TRANSPORTATION 500.72 3.37
5.07 SYSTEM SPECIFIC REPLACEMENT TRAINING SERVICES XXXXXXXXkXX XXX<XXXXX
5.071 AMMUNITION/MISSILES/EQUIPMENT 163.00 1.10
5.072 SERVICES 18.11 .12
5.08 MILITARY PERSONNEL XXXXXXXXX; :<XXV X XXQAV
5.081 CREW PAY AND ALLOWANCES 0.00 0.0
5.082 MAINTENANCE PAY AND ALLOWANCES 508.32 3.42
5.083 SYSTEM SPECIFIC SUPPORT PAY AND ALLOW.ANLES 0.00 0.00
5.084 TRAINEE/TRAINER PAY AND ALLOWANCES 0.00 0.00
5.085 SYSTEM PROJECT MANAGEMENT PAY AND ALLOWANCES 0.00 0.00
5.086 PERMANENT CHANGE OF STATION (PCS' 0.00 0.C0
5.087 OTHER MPA FUNDED SUE.TAINMENT 0.00 0.00
5.09 SYSTEM PROJECT MAHAGEMENT CIVILIANS 0.00 0.00
5.10 MODIFICATIOt/KITS 0.00 0.00
15. It OTHER SUSTRIINMENT Xx XXX: '..: X;:-:XXXxx
5. 111 OTHER 0&1M SUSTAIFIIII-i FUNDED 23.4' .16
!.112. OTHER PPOIUREMEIT FUNDED SUSTAIHING 1253J. :Z-$4.24

/,TOTAL(. ............................................... 14878.06 100.00
....TTL LIFE 0:YCLE SijiT 1T260.39 *÷*-'+*..
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Anal vs s: AMSN I -OR-SA Date: 2,2 : 1

System Maint cnance Support Costs Spec fi ed In DCA-P-92(P) Format
Des i gn 8 Case Totals - Costs Are Stated i, Thousands of" D, 1 1 ar s

El ement Cost Element Description Estimated Perc-:ent age
Number Cost

1. 0 DEVELOPMENT XXXXXXXXXX XXXx\.::*:x:.>
1.011 ENGINEERING 0.00 100.00

>TOTAL< ............................................... 0.00 100.00
2.0 PRODUCTION XXXXXXXXXX X"XXXX'XXXXX
2.011 INITIAL PRODUCTION FACILITIES (IPF) 24.42 1.93
2.021 MANUFACTURING 170.93 13.54
2.022 RECURRING ENGINEERING 48.84 3.87
2.04 DATA 20.40 1.62
2.07 INITIAL SPARES 997.94 79.04
"'TOTAL<.... ............... ............................... .1262.52 100.00x
3.0 MILITARY CONSTRUCTION XXXXXXXXXX XXXXXXXXXXi>TOTAL< .......................................................................... 0.00 0.00
4.0 FIELDING XXXXXXXX×× XXXXXXXXXX
4.01 SYSTEM TESTING AND EVALUATION 0.00 0.00
4.02 TRAINING SERVICES AND EQUIPMENT 0.00 0.00
4.03 TRANSPORTATION 1.84 100.00
4.04 INITIAL REPAIR PARTS 0.00 0.00
4.05 SYSTEM SPECIFIC BASE OPERATING SUPPORT 0.00 0.00
4.06 OTHER O&M FUNDED FIELDING 0.00 0.00

>TOTAL< ................................................ 1.84 100.00
5.0 SUSTAINMENT XXXXXXXXXX xXXXXXXXX::
5.0 REPLENISHMENT xxxxxxxxxx xxxxxxxxXx
c.011 REPLENIS'qMENT REPAIR PARTS 0.00 0.90

5.012 REPLENISHMENT SPARES 324.42 2.39
5.013 WAR RESERVE REPAIR PARTS 0.00 0.00
5.014 WAR RESERVE SPARES 0.00 0.00
5.02 PETROLEUM, OILS AND LUBRICANTS (POL) 0.00 0.00
5.03 AMMUNITION XXXXXXXXXX XXXXXXX'X
5.031 TRAINING AMMUNITION/MISSILES 0.00 0.00
5.032 WAR RESERVE AMMUNITION,'MISSILES 0.00 0.00
5.04 DEPOT MAINTENANCE XXXXXXXXXX xxxxI'xxx
5.041 CIVILIAN LABOR 705.85 5.20
5.042 MATERIEL (Ot) .36 .00
5.043 MATERIEL (PROC) 3.22 .02
5.044 SUPPORT ACTIVITY 0.00 0.00
5.05 FIELD MAINTENANCE CIVILIAN LABOR 0.00 0.00
5.06 TRANSPORTATION 453.84 3.34
5.07 SYSTEM SPECIFIC REPLACEMENT TRAINING SERVICES XXXXXXXXXX XXXXXXX<XX/
5.071 AMMUNITION/MISSILES/EQUIPMENT 136.34 1.00
5.072 SERVICES 15.15 .11
5.08 MILITARY PERSONNEL XXXXXXXXX>X XX:XX-'./XX
5.081 CREW PRY AND ALLOWANCES 0.00 0.00
5.082 MAINTENANCE PAY AND ALLOWANCES 414.41 3.05
5.083 SYSTEM SPECIFIC SUPPORT PAY AND ALLOWANCES 0.00 0.00
5.084 TRAINEE/TRAINER PAY AND ALLOWANCES 0.00 0.00
5.035 SYSTEM PROJECT MANAGEMENT PAYe AND ALLOWANCES 0. 00 0.*0
5.086 PERMANENT CHANGE OF STATION (PCS) 0.00 0.00
5. 087 OTHER MPA FUNDED SUSTRINMENT 0.00 0.00
5. 09 SYSTEM PROJECT MANAGEMENT CIV'ILIANS 0-J.00 Q 0.00
5.I0 MODIFICAT ION,'KITS '3.00 0.CO
5. 11 OTHER SUSTAINMENT X:, <xX <' ': x:-:: ... :.. -'. - ;.
5. 111 OTHER O&M SUSTAINING FUNDED 21.44 .16
5. 112 OTHER 0 ROCUREMENT FUNDED SUSTAININlG 11493_-00 84.-1

,TOTALL< ................................................ 135! 8.0; 100.00
...* ... .. ) TOTAL. LIFE CC ILE CO."T 14C32.3:?, *4r** *. .
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Anal i S: AMSMlI-I'J-SI Date 2F.12"33

System MaLinternance Support Costs Speciiled In DCA-P-92(R) Format
Des ign 9 Case Totals - Costs Are St ated in Thousands of Do 1 tars

El ement Cost Element Description Estimated Percentage
Number Cost

1.0 DEVELOPMENT XXXXXXXXXX XXXXXXXXXX
1.011 ENGINEERING 0.00 100.00

>TOTAL< .... .... ... .... ............................................... 0.00 100.00
2.0 PRODUCTION XXXxXXXXXX XXXXXXXXXX
2.011 INITIAL PRODUCTION FACILITIES (IPF) 21.96 2.09
2.021 MANUFACTURING 153.69 14.60
2.022 RECURRING ENGINEERING 43.91 4.17
2.04 DA4TA 15.60 1.48

2.07 INITIAL SPARES 817.59 77.66
>TOTAL< ............................................... 1052.76 100.00
3.0 MILITARY CONSTRUCTION XXXXXXXXXX XXXXXXXXXX

>TOTAL< ... ............................ ....... ............ 0.00 0.00
4.0 FIELDING xxxxxxxxxx xxxxxxxxxx

4.01 SYSTEM TESTING AND EVALUATION 0.00 0.0
4.02 TRAINING SERVICES AND EQUIPMENT 0.00 0.00
4.03 TRANSPORTATION 1.63 100.00
4.04 INITIAL REPAIR PARTS 0.00 0.00
4.05 SYSTEM SPECIFIC BASE OPERATING SUPPORT 0.00 0.00
4.06 OTHER O&M FUNDED FIELDING 0.00 0.00

>TOTAL< ..... ........................................... 1.63 100.00
5.0 SUSTAINMENT XXXXXXXXXX XXXXXXXXXX
5.01 REPLENISHMENT XXXXXXXXXX XXXXXXXXXX
5.011 REPLENISHMENT REPAIR PARTS 0.00 0.00
5.012 REPLENISHMENT SPARES 263.30 2.28
5.013 WAR RESERVE REPAIR PARTS 0.00 0.00
5.014 WAR RESERVE SPARES 0.00 0.00
5.02 PETROLEUM, OILS AND LUBRICANTS (POL) 0.00 0.00
5.03 AMMUNITION XXXXXXXXXX XXXXXXXXXX
5.031 TRAINING AMMUNITION/MISSILES 0.00 0.00

5.032 WAR RESERVE AMMUNITION/MISSILES 0.00 0.00
5.04 DEPOT MAINTENANCE Xxxxxxxxxx xxxxxxxxxx
5.041 CIVILIAN LABOR 634.67 5.50
5.042 MATERIEL (OM) .32 .00
5.043 MATERIEL (PROC) 2.89 .03
5.044 SUPPORT ACTIVITY 0.00 0.00
5.05 FIELD MAINTENANCE CIVILIAN LABOR 0.00 0.00
5.06 TRANSPORTATION 404.91 3.51
5.07 SYSTEM SPECIFIC REPLACEMENT TRAINING SERVICES XXXXXXXXXX XXXXX'A X;•X
5.071 AMMUNNITION/MI SSILES/EQUIPMENT 106.55 .92
5.072 SERVICES 11.84 .10
5.08 MILITARY PERSONNEL XXZXXXXXXX xxxM/X.XXXX"
5.081 CREW PAY AND ALLOWANCES 0.00 0.00
5.082 MAINTENANCE PAY AND ALLOWANCES 308.93 2.68
5.083 SYSTEM SPECIFIC SUPPORT PAY AND ALLOwiANCES 0.00 0.00
5.084 TRAINEE/TRAINER PAY AND ALLOWANCES 0.00 0.00
5.085 SYSTEM PROJECT MANAGEMENT PAY AND ALLOWANCES 0.00 0.00
5.086 PERMANENT CHANGE OF STATION (PCS) 0.00 0.00
5.087 OTHER MPA FUNDED SUSTAINMENT 0.00 0.00
5.09 SYSTEM PROJECT MANAGEMENT CIVILIANS 0.00 0.00
5.10 MODIFICATION/VITS 0.00 0.00
5.11 OTHER SUSTAINMENT :Q x XX' x : ,"<:x-."m"k•x ,xX:.
5.111 OTHER O&M SUSTAINING FUNDED 19.28 .17
5.112 OTHER PROCUREMENT FUNDED SUSTAINING 9778.8? 5.4.80

>TOTALH .......................................................... . 11531.5 100.00
*_**___, _ TOTAL LIFE CYCLE C'$OT 125@5.95 *** #.*÷ -
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Analysis: AMSMI-OR-SA Date: 2/12/88

System Maintenance Support Costs Specified In DCA-P-92(P) Format
Design 10 Case Totals - Costs Are Stated in Thousands of Dol ars

Element Cost Element Description Estimated Percentage
Number Cost

1.0 DEVELOPMENT XXXXXXXXXX XXXXXXXXXX
1.011 ENGINEERING 0.00 100.00

>TOTAL< .......................................................... 0.00 100.00
2.0 PRODUCTION XXXXXXXXXX XXXXXXXXXX
2.011 INITIAL PRODUCTION FACILITIES 'IPF) 20.31 2.04
2.021 MANUFACTURING 142.19 14.26
2.022 RECURRING ENGINEERING 40.63 4.07
2.04 DATA 14.40 1.44
2.07 INITIAL SPARES 779.47 78.18
>TOTAL< .......... _...... _............. .................... .997.01 100.66
3.6 MILITARY CONSTRUCTION XXXXXXXxXX XXXXXXXXXX

>TOTAL< ...................................................................... 0.00 0.00
4.0 FIELDING XXXXXXXXXX XXXXXXXXXX
4.01 SYSTEM TESTING AND EVALUATION 0.00 0.00
4.02 TRAINING SERVICES AND EQUIPMENT 0.00 0.00
4.03 TRANSPORTATION 1.52 100.00
4.04 INITIAL REPAIR PARTS 0.00 0.00
4.05 SYSTEM SPECIFIC BASE OPERATING SUPPORT 0.00 0.00
4.06 OTHER O&M FUNDED FIELDING 0.00 0.60

>TOTAL< ............................................... 1.52 100.06
5.0 SUSTAINMENT XXXXXXxxxx xxxxxxxxxx
5.01 REPLENISHMENT XXXXXXXXXX XXXXXXXXXX
5.011 REPLENISHMENT REPAIR PARTS 0.80 0.00
5.012 REPLENISHMENT SPARES 252.27 2.35
5.013 WAR RESERVE REPAIR PARTS 0.00 0.00
5.014 WAR RESERVE SPARES 0.00 0.06
5.02 PETROLEUM, OILS AND LUBRICANTS (POL) 0.00 0.00
5.03 AMMUNITION XXXXXXXXXX XXXXXXXXXX
5.031 TRAINING AMMUNITION/MISSILES 0.00 0.00
5.032 WAR RESERVE AMMUNITION/MISSILES 0.00 0.00
5.04 DEPOT MAINTENANCE XXXXXXXXXX XXXXXXXXXX
5.041 CIVILIAN LABOR 587.18 5.46
5.042 MATERIEL (OM) .30 .00
5.043 MATERIEL (PROC) 2.68 .02
5.044 SUPPORT ACTIVITY 0.00 0.00
5.05 FIELD MAINTENANCE CIVILIAN LABOR 0.00 0.00
5.06 TRANSPORTPTION 377.12 3.51
5.07 SYSTEM SPECIFIC REPLACEMENT TRAINING SERVICES XXXXXXXXXX XXXXXXXXXX
5.071 AMMUNITION/MISSILES/EQUIPMENT 83.56 .78
5.072 SERVICES 9.28 .09
5.08 MILITARY PERSONNEL XXXXXXXXXX XXXXXXXXXX
5.081 CREW PAY AND ALLOWANCES 8.00 0.00
5.082 MAINTENANCE PAY AND ALLOWRNCES 226.19 2.10
5.683 SYSTEM SPECIFIC SUPPORT PAY AND ALLOWANCES 0.00 0.00
5.084 TRAINEE/TRAINER PAY AND ALLOWANCES 0.00 0.00
5.685 SYSTEM PROJECT MANAGEMENT PAY AND ALLOWANCES 0.00 0.00
5.086 PERMANENT CHANGE OF STATIOh (PCS) 0.00 0100
5.087 OTHER MPA FUNDED SUSTAINMENt 0.00 e.00
5.69 SYSTEM PROJECT MANAGEMENT CIVILIANS 0.00 0.pi
5.10 MODIFICATION/KITS 0.00 0100
5.11 OTHER SUSTAINMENT XX-'XXX'.XX x XXx X
5.111 OTHER O&M SU'STAINING FUNDED 17.84 .1?

5.112 OTHER PROCUREMENT FUNDED SUSTAINING 9191.82 85.52
",TOTAL,' ..................................................... 10748.22 100.10
______ / TOTAL LIFE CYCLE COST 11746.75 .**...-

1 2u ml m uu I I . . . . .
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